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ABSTRACT

Plant communities, their production and some production
processes were studied on raised beaches in the'Higthrctic,u
Devon Island for three years.'iHistorical prospectives of the
site and area are outlined. On crests and slopes of these beééhes
a cushion p]ant;lichen community is present while the "foot" of
the‘beaCh which forms a transitipn to the adjacent meadow is
occupied by a cushion. plant-moss community. Soil, microc]imaté,
Qascular.plant phenology, growth and distribution of vqggqlar
‘plants across the raised anch were also studied. Vascular plant
cover is Jow, ca. 20% on crests and 60% in transitions, and so

are abovearound and belowground standing crop (350 - 400 g.m'z)

and. seasonal production (ca. 22 g.m‘z).
- soil and plants showed a Tow content of some minerals (N, P, K)
but a high c&ntent of Ca.Carbohydrate levels were very lTow (ca.
1 to 3%) in cushion plants but re]ative{y hig@%ih soft herbs
.(gg, 30%). Alﬁg. ch]orophy]l; 1ipids and other compounds were
analysed. Dryas integrifolia was chosen for more detailed aut-
ecological study and sefved as representative species of the communiﬁy
in réspect to form and function. Raised beach ridges were

recognized as a Polar Semi-desert habitat, autonomous and genuine

in microclimate as,wé]l as vegetation. o “
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The Polar Regipn - a unique part of the Earth, with extremities /
and anomalies making‘life difficult for animals and even plants Hard
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the rocky surface to\the elements where the ice has still valid lease to
occupy thousands of dquare kilometers where lichens with not many other
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p1m Ryan, salt and pepper of the arctic human stew.
. . Paralleling this work dealfng w1th plant production of Polar
Seml-desert habitats, the author's colleague Michael Muc, conducted
an intensive production study on the lowlands meadows. These two

theses represent one coordinated work in two volumes so to speak

where some aspects and topics’overlap and others cohplement. Many

problems, theoretical and practical, were discussed together. Three

years of cooperative field work as well as dwelling'under the common

droof of the Bioscience Building_ofmthe~Uniyersjty of Alberta marked

both papers with the characters of twins. Twins nevertheless self-

sustaining, in a triendly sense jealously ingependent and anxiously -
demanding their own identity. o

- The author is indebted for the field ass1stance of Mr. Ken 0r1ch
(l970) Miss Dawn D1ck1nson and Mr. Doug Peters (1971) and to Miss
Lewina Laung (1972) He admits that‘he took advantage of the fact
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every summer. Even more the author expresses thanks for the laboratory

21)

- work, espec1ally for. the prec1se calor1metr1cdand carbohydrate analyses

to his wife Kyeta. Further s1ncere acknowledgments belong to

Miss Kathy Smith and M1ss Donna K1ttf€}for their devoted help with
completion of laboratory analyses " Special creght is'granted to the
prOJect analyst Dr. Doug Nhltfield ang,two of hlS assistants |

Miss Vivian Mahoney and Mr Ross Goodwin for banking and computer

| process1ng most of the data collected e %
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Real121ng for long that our never ending search for the
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"ALL men by natuqe have a desire to know.”

: . Aristotle
. On Man in the'Universe.

INTRODUCTION

In the High Arctic, those lands north of 70th parallel,
‘terrestriai life j§ a "margina}/phehomenonﬁ, reaching its maximum
in coastal lowlands and narrow- yalleys. At these latitudes the Ice
Age left.5,000 to 9,000 years ago and the land surface still retains
all characteristics of a periglacial énvironment: rigorous'climate,
deep permanently frozen and patterned ground, large masses of ground
ice, etc.

The high arctic coastal lowlands are analogous to desert oases.
Their vegetation is more lush an&tanimél life is mostly concentrated
there, éompared fo that of the surrounding vast uplands. The Towlands
are limitéd in size and form discrete units in which trophic stfata
can be easily recognized, life forms 1hygntoried, their_energy regime
measured, and efficiquies calculated. u

The Truelove Loﬁland ecosystem isrohe iﬁ a series of coastal
Towlands on Devon Island and was chosen as\the experihehtal study s%te
for the Canadian IBP-Tundra Biome Study (Bliss 1972a). Ié offers a |
variety of life forms, is limited in size and theré;ore definable, but
neverthé]ess large enough to sustain the impact of a larger group of
investigators. .The existence of the Arctic Institute of North America
base camp and the possibi]ify of aircraft transportation as well as
thg iCebreaker-]ogistic supply were practical factors.

Regular scientific activity in the Truelove Lowland and its



adjacent areas was 1n1tfated in 1960 wﬁen the base camp was established.
Since then numerous studies have been ceBQucted in Geology (Cowie

1961, Krupicka 1973), Periglacial Geomorphedogy (King 1969, Barr 1971)
and Meteorology (Gi1l 1963). Before the 1BP Devon Island project
started, the biological disciplines had been represented mainly by
Hussell (1972), Barrett (1972), and Teeri (1972) |

The objectives'of this study were to:

1. Determine plant communities and their standing . ‘n the .
three recognized zonee of‘raised beaches and determine\the seasenal
(annuel) increment in both above and below-ground produétion

2. Compare the product1on of these beach ridge Polar Semi-desert
va5cu1ar ‘plant commun1t1es with that of Towland meadows (the lusher
“end of the lowland serles) and that of the true Polar Desert on the
Aup]and plateau which surrounds the lowland (the most severe end).

3. Contr1bute to an understanding of primary product1on and
decomposition processes in a cushion plant by studying plant phenology,
adaptive and survival strategy, formation, storage, and translocation

of carbohydrates, and plant structure via Jeaf angles, leaf area and . _ //

/
s
s
/

chlorophyll in three main species, especially in Dryas integrifolia. ' //



PHYSICAL ENVIRONMENT OF THE TRUELOVE LOWLAND

Description of Studied Area

Devon Island, N. N T. (75°N) is the second largest island (ca.
54, 000 km ) in the Queen E]izabeth Islands. These high‘arctic islands
are located north of 73°N latitude and extend beyond the 85°N parallel.
Together with a southern group of tslands they form the Canadien Arctic'
Archipelago and collectively comprise the High Arctic. Taylor (1956)
described the physiography of Devon Island, especielly the coasta]
areas ‘and provided the historical review of the dsTand's disqoveny.
Devon together w{th f]lesmere and Axel Hefberg'lslands in the
north and Baffin Island in tnémsnnth, form the eastern edge of the
‘Canadian Archipelago, and Devon shares with these islands a rather
severe climete. These.islands ere also‘still bantially 1ce-covéred.
The eastern high]ands of Devon Island are. cqyered by an ice
cap (16,240 kn?) with a 1859 m high summit (Sharp 1956). The
reme1n1ngvup1and is a barren Polar Desert formed. of Silun;anﬁand&
Devonian formations (Taylor 1956). Plant and animal life is con;¥ned\\\
almost exclusiyely to coasid] Tow)ands. ‘The Truelove Lowland
(75° 40'N, 84°33'W) is one of several along the northeast coast

(Sverdrup - 26 kmz, Sparbd-Hardy - 86 kmz,

Skogn - 13 kn’). Similar
areas with a relafive]y lush vegetation and wildlife exist on other
islands of the Canadian Arctic Archipelagd. “Although these areas.: .
comprise-roughiy only 3% of the ca. ibo thousand km2 of the Canadian ,
High Arctic, they are of basic 1mportance for maintaining the ]ife in
these latitudes (Bliss 1972a) ™~

- The Truelove Lowland (43 km ) is de11neated by 24 km of shoreline
on the west and_north,'by sedimentary (do]omit1c) cliffs on the east’

~ and stéep crystalline cliffs on the south (Fig; 1). It has three ]arge‘

T
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"lakes (933 ﬁi’), and many small lakes and pools,

- transitional zones 572 ha), meadows account. for ca

. outcrops for A2% of the entire lowland area.

. el ‘ _ \

o drainage system emptying into the Truelove River o grectly into Jones

. Sound- .«Raised beaches represent 20% (crest and slo es cover 294 ha,

i1% and ‘rock
.\\y

~ The Truelove Lowland has’ partially developed from the Truelove
River de]ta and is a part of an extensive coastal shelf strand flat.
A]though superglacial and periglacial streams do not present]y carry as

much meltwater as in the past, flow of the Truelove River is sti]]

_ large because of the nearby ice cap There is no doubt that the

” enormous 1ce cap as well as the ice of Jones Sound which remains

frozen most of the growing season, influence the climate ‘of the adJacent :
areas (K1ng ]969) The presence of ice is thus of ecological ‘significance,

and is on]y a matter of opinion as to whether the Ice Age has rea]ly e

Jended here ' : T

_Post N1scons1n Hlstory

The western part of the Canad1an Archipelago was deg]ac1ated

relatively early. Although the eastern part of Devon Island is still B

covered by an 1ce cap, Andrews (1970) estlmated that the major part of

the island was deg]aciated_8700 years ago. The 8000 year<BP 1sochrone

"(ice marginal timeline of presumed Nisconsin ice retreat) runs'close}

to the northern coast. of the island (Fig 2) _Ice retreat was fo]lowed
by a significant isostatic rebound of the northern parts of the

Amer1can and Euras1an cont1nents _Andrews (1970) estimated ,that on

)

Devon Island tetal postglacial uplift* was 91 m. averaging 1 4 m/]OO years,h"~' :

*The glacio-isostatic recovery and eustatic sea Tevel changes have :
been ?partial]y) self-cance]ling (i.e. both were in the. same direction).
Postglacial uplift is computed as ‘the amount of glacial emergence at
specific times less the eustatic sea level at those times measured from
present sea level (Andrews et ql., ]971) L
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Figure 2. Deglaciation isochrones in th'ousAands‘ofv yeérs BP for Devon
- - Island, redrawn from the Wisconsin and recent ice map of
North Americ (Geol, Survey Can. Map 1275 A).
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Figure 3. Formation of a new raised beach ridge in the Truelove L'ovg]and. ‘”
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with the‘present rate'being 0.3o»m/ldo‘years.

Recently King (1969) and Barr (1971) presented evidence that
in the Truelove Lowland the uplifted marine limits lie at 76 m above
sea level and date approximately 9450 B.P., which is also considered
to Qébthe"date of deolaciation.. According to Barr (1971) today's
postglacial uplift appears to be matched by eustatic sea level rise.

'The formation of a new beach ridge at the shoreline can be seen .in

Fig 3, and Fig. 1 shows the sequence of beach ridges across the Lowland.

Geology and Geomorphology

King (1969) presented extensive information about bedrock
geology. landscape development and Pleistocene phenomena of the Truelove
 Lowland. A '
xtA detailed petrological study of the crystalline rocks on the
Trueloye Lowland was done bj Krupicka (1973). According to his findings
all-rochs forming the basement are metamorphic, the main rock types
being granuliteS'and gneisses In this area the Canadian Shield is
formed of Archean rocks "partially reworked and metamorphosed in the
Lower Proter0201c“.
| The boundary horizon'between the crystalline basement and the
dolomitic sediments'overlying it is formed by.a thin quartz sandstone,
fragmented on the exposed surface by strong frost activity.. Except
for the area of Rocky Point (Fig. 1) which is dolomitic, all other
' lowland areas of rock outcrops are crystalline and were smoothed. on
. the surface by previous glac1ation

The predominant part of the lowland is covered by a Pleistocene
mixture‘of crystalline, sandstone‘and dolomitic components reflecting

‘the T1ithology of the nearest substrate and varying in the degreevof

-

{



: weathering. Summer temperature fluctuations around the freezing point
have been responsible for a variety of frost phenomena such as rock
splitting, solifluction, patterned.ground, congelifraction, congeli-
turbation'and soil involutions.

| ~ The present Iowland landscape is largely. a relic of the\previous
strong 1andforming processes that followed shortly after deglaciation

and are almost absent at present (King 1969). From an ecological

point of.view, only water and'wind erosion and their transporting rgte
are significant]y active processes now. It was observed ' author
that after strong, warm, southern foehn winds, the black crystalline
cliffs changed into a reddish oolor due to wind deposition of fine
sedimentary materia] from the upper o?:teau »

i Crystai]ine rock outcrops, flat depressional sedge meadows

and raised_beaches are the prevailing topographic features of the
ldﬁland in additioo to lakesv Many meadows have developed on former
]ake bottoms as.attested by their sha]]ow gravel soils. Ice wedges -
and large polygons are common features both across and along raised
'vbeaches. As a result of more favorable temperature and moisture
cooditions in ice wedge furrows,'there is a higher species diversity,
and a greater standing.crop and plant cover. This is resooosible

for the typical mosaic nature of the High Arctic (Khodachek 1969a,

- Aleksandrova 1971).

Raised beaches

A Beach Ridge is described as "A 10&, essentially continuous
mound of beach-and-dune material (sand, gravel, shingle) heaped up
by the action of waves and currents on the backshore of a beach beyond

the present 1imit of storm waves or the reach of ordinary tides, and



occuring singly or as one of a series ofrﬁbpro*imately parﬁlfé]r

’ deposits. The ridges are roughly parallel to the shoreline and represent
successive positions of an advancing shoreline." (Glossary of Geology,
Garry et al., 1972). | |

Arctic raised beaches have been formed by ice push and tidal
activity (Hume and Schalk 1964, Owens and McCann 1970), and their
stepwise sequence across the Tuul?nd has followed the isostatic recovery
after deglaciation. They are several hundred meters long and 30 to
150-m wide, frequently curved, and‘usualiy enclose a large depression
with a meadow and one or more fresh-water lakes,

Raised beaches aré formed of sand and gravel, the/ggpb]es being
mostly dolgml;e and crystalline materia], locally sandstone. McCann -
and Owens (1969) found very little sand present oqufﬁe beaches; most
offlhe material falls into the pebble gradé. Beach ridge sediments
are moderately or poorly sorted due to absence of wave action for nihe \
months of the year during time of formation.

In cross-section, a raised bedch is a rounded convex body of a
coarse material usualiy deposited on bedrock. The overall thickness
varies but is often shallow .(<1 m). A beéch ridge starts as a distinct
step (20-50 cm high) which indicates the "f(')ot:.'l of the ridge. On-a
typical beach ridge this part is flat and varies in width. In this
study I shall refer to this part as the Transition Zone. .

Behin& the "foot" the fore-slope risés and is terminated by
;he,rounded crest. Back-s]opés are usually shorter and grade»directly-
to a lake or'a meadow. The glopes-and crest are considered as separafb

ecological zones in this study (Fig. 4).
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Figure 4. Profile of a raised beach. Meadows typical]y occur ////’_~J‘w,

beyond the fore-slope and back-slope.

Frost activity has marked the ridges with deep (spmetimes more
up to 100 cm) ice-wedge type cracks (Fig. 5) running along and across
them and dividiﬁbgzhem-into 15-80 m rectangles and polygons (Fié. 6).
Except.for the marginal shoreline area with recenfly formed beach
ridges, fce wedges on thé old uplifted ridges appear to be fossil and
not expanding. | | |

These ridges are one of the prevalent topographic features in
~arctic Towlands, they seem to be of great ecological significance.
They are free of snow by mid-June while the adjacent meadows become
snow-free 1-2 yeeks later. .Being relatively we]l-drained and exposed
‘to the wind, they may be the driest and climatically most severe areas
on the lowland, an ecological fransitfon‘io the trué Polar Desert on
the upland plétéau of the island; Raised beaches éhiéld thé'adjacent

" meadows from wind (Courtin 1972), increase meadow snow cover by acting



? d |
9. .
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v
g2 Figure 5. \H'rgh arctic 10wlahd._ Pattern of raiséd,beééh ridges and
" meadows. ‘ ‘ : o

{
!

“ Figure 6, _Fossﬂc ice wedge running across a raised beach.
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as natural barriers, and subsequently fncrease Summer moisture of the

whole meadow interzone. This creates more favorable cond1t1ons for

many organisms and results in a special character of the lowland T

I

ecosy;tem. _

Beside the typical and fully developed raised beach.r1dges, one
can recognize several other topographic features in the lowland. '
Parallel to the main beach ridge and usualJy on its long'foreslopeﬁl .
less pronounced smaller terraces, the lower ridges often occur. This-
ismtbe case of the relatively.high‘raised'beach chosen as an intensive .CT
étudy site by the Project (Fig. 7). Lower ridges do not always follow
the curvature of the main beach ridge but sometimes separate from it
and form long tongues. Between the main ridge Ad the tongues there

“‘F]at. slightly bulging

usually develops a flat drainage depression,
areas, sometimes con51derab1e in size but without the pronounced .beach

ridge topography are dist1ngu1shed from meadows as subdued ridges.

When theYr ground surface is formed of larger boulders such an area

ns referred to as a boulder pavement. When the composition uf the fine
substrate prevai]s, it indicates that the area has been subjected to

strong frost activity and gave origin to a'frost?boil subdued rﬁﬁge.
. : - . ! Y

re:

Plateau
The Truelove Lowland is a margina'l phenomenon compared‘to the .

vast geography of the Island's plateau, which rises sharply as a

massive vertica] escarpment 300-400 m above sea level, and represents .

a true polar desert. The inland plateau is characterized by its smqoth

topography interrupted only by a distinct drainage system. Here too a o

mosaic of varjable patterned ground features covers the fragmented

sedimentary rock surface.



Figure 7. The intensive study raised beach site (IRB) in the Truelove
- Lowland. ] ) s :
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Figure 8. The design of the IBP Intensive Study Site on IRB:
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Climate
Devon Island is dominated by a polar climate. The proximity of
Jones Sound which is frozen for the major part of the year, and the
‘presencé of a near-by extensive ice cap are the decisive climatic
factors in additi n to.the lqtitudinal position. At this latitude the

- q o
polar night lasts[from October 30 to February 11, the continuous arctic

day from Abri] 28 to August 14; both are'peFTEE§—3?~Tagii;;:__};—;Bé
lowland snowmelt begins in the midc'e of June and is de]ayed on the
plateau 10 §9114 days. _

King (1969) and Barrett (1972) believe that the Devon IsVand ice
cap has an effect on the lowland climate and, in this way, also on the
vegetation in the lowland because of the pronouhced strong adiabatic-
winds, infidenced by the nearby icé cap. The Canadian arctic islands
contribute significant]}rto the world's pool of cold ai} (King 1969).
The local temperature anomalies (compared with the theoretical mean for
the latitude) are altogether negative‘ As Courtin (in B]1ss et al.,
1973) po1nted out, the fluctuation of radiation intensity (cantrolled by
the cloudiness) can be correlated with the cyclonic activity in arctic.
regions Also the periods of higher wind are associated with this
cyclonic act1v1ty, which is h1gher w1th the progress of the season.
_ Narmer air masses 1nvade the area. 1n\§ummer as well as ‘in winter, but
the1r influence is limited. They are respons1b]e, however, for frequent
temperature inversions in the lowland and advection fogs resulting
from them. Relative humidity near the ground’ is high during the entire
growing season (85-95%). . S _ | |

Vowinkel and Orving's (IBZOYEHata‘Shpw that the mean'tloud'cover

for this latitude increases during summer months from 75 to 85%. It
\‘-‘ N !
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decreases, however, progessively in September and Octbﬁé}.to 50%, and

is maintained at this level until April, This is supported by Courtin's
1971 and 1972 measurements in the lowland; with further qualification
that evenilbWer cloudiness in fall may cause greater reduction of total’
radiation due to lower angle of radiation incidence. In Truelove-Lowland
the theoretical solar_flux for this latitude was reduced to 50-60% during
June and July but oscillated between 28-75% in Auguét and Septembert |
According to king (1969) the real number of sunshing.hours represented
only 32% iﬁ 1961 and 35% in 1962 in Truelove Lowland.

Three well equipped meteorological stations were established by
Cqurtin at the AINA Baée camp, and at thegfntensive study'sites‘on the
Experimental Ridge and Experfmental Meaﬁoﬁ("Séveré] othef small meteor-
b]oéical units were distributed on significant éites of the lowland and
the East Plateau. The cloud and fog screening effect shows even more
clearly.from the figures of incoming total radiation recorded by \
Courtin (Fig. 9a). In 1970, 1971 and 1972 mean weekly temperatures of
the Base Camp raised beach ref]qpt the raditiqn_intensity of the
Towland (ng. 9a)'and are presehted in'fig. 9b. These figures also .
show_the range of the potential growing season in three"consecutivé ’
years recorded. ‘

Data collected in the summer of 1970, 1971 and 1972 were
m"cémputeriied'and are syntﬁetized iﬁ the IBP Repor;s by Courﬁin (1972,
1973). There has been a continuation of meteord1ogica1 measurementg
throughout the wjnter»of1i972;73. This synthesis will be presented by

Courtin in the final report.
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Figure 9a. Absolute solar flux (daily means) for Devon Island
(75.66°N, 84.66°W), and the total radiation (weekly
means) recorded in the Truelove Lowland in summers 1971
and 1972 (calculated and compiled from Courtin 1971 and
1972 data). o
: “Potential growing season

79 days
80 days
46 days

' Figdre 9. Base "Camp raised beach weekly mean tempera-turés at 1.5 m
in summer 1970, 1971 and 1972 (reworked from Courtin 1973).
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METHODS, RESULTS AND DISCUSSION - .. . .. -
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General Notes . R o

Intensive study site = | ' o .

In early June, 197Q, two large areas (units) were estab]fshed ,
for permanent studies on a raised heach, called “Intensive?Raised )
Beach" (IRB), elevation 28 m, age 7500 years, east of Immerk Lake.
These uoits (40 x 75 m and 20 x 50 m) were subdivided into Destructive;
- NOn—destructive and Control plots Each plot was further subdivided
into 5 x5m subp]ots where the actua] "1ntens1ve program" has been

“performed (Fig. 7 and 8);

~ Extensive study sites

An extensive study was “conducted on eleven raised beaches and at
two neighbaring areas A and B on the plateau (Fig. 1). PTant cover and
standing.crop data were related to the<age and elevation of the beach

ridges.

 The f1rst attempts to character1ze Polar Desert So1ls are associated

I
with Russian authors e. g., Geras1mov (1956) and Svatkov (1961) Actual

soil descr1pt1ons have been presented by Tedrow and, Douglas (]964),
Tedrow (1966) Char11er (1969) and Cruickshank (1971) ;
. Tedrow and’ Doug]as (1964) def1ne Po1ar Desert Soi]s as "those ;‘
mature well dra1ned soils of the High Arctic having a sparse (‘25%)
cover1ng of h1gher»p1ants" July temperature_does not exqeed 4.5°C
Vand prec1p1tat10n is very Tow (50-75fmm)r |

<

Although the .Truelove Lowland falls within such a climatic zone,
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the true Polar Desert soil 1s only to be found on the plateau surrounding

the lowland.™ Raised beaches, some rock outcrop areas with hlghly

'disintegrated and weathered surfaces, and ‘the base of the escarpment

however contain soils very similar to those types described by the
above author@ The irregular character of these parttcular landforms

supports the development of var1ous soil and plant community cont1nuua

4.and trans1tion areas with different dra1nage, winter SNOW" depth and

plant cover. Soil development occurred in relation to these b1ophysiéal -
m1cros1tes, and as a result a mosaic of closely related or totally

unrelated so1l types developed " They range from l1ght colored Polar

,Desert—ljke_501ls on some crests to soils relatiyely r)ch_1n dark organic

matter in some parts of the transition.

';?*3 The-intermediate character of these raised terraces expressed by

: var1ous m1crocl1mat1c, vegetat1onal and soil grad1ents can be best

class1f1ed as Polar Semi-desert’ (Bl1ss et al.;1973).
In the Truelove Lowland K1ng (l969) stud1ed pedogenes1s in relat1on

to plant cover.’ K1ng collected analytlcal data on soil prof1les and -

:completed a crude soil map of the Lowland. Both authors’ have‘applied

' Tedrow 3 concept of Polar Desert Soil to the. raised beaches

Peters and Walker (l972) and Walker (1973) have found more soal

“ development on the Lowland ra1sed beaches than is character1st1c of

Polar Desert So1ls. On the Imtensive Ra1sed Beach the very top of the -

~ gravelly, coarse sand invthe Ah horizon (pH 7.8) and low organ1c”matter;

Crest Zone contains’"regosol1c—l1ke" soil, dark grey1sh brown w1th

content.. S : , R IR

In flat areasvsurrounding these narrow regosolic strips, soil

a develOpment has progressed further. More Vegetation is present and

—

b



"Bruniso]ic like" (Arbtic Brown) 501ls are fouhd These ‘are dark brown,
wath plentiful very fine and fine roots in the Ah horizon (top lO cm)

pH is 7.8. A dark greyish- brown Bm horizon (lO 20 cm) can be*
distinguished o e R

_ 'The margins of IRB, as well as some depressions.in ‘the Transition o
Zone, COntain Gleysolic'soil (Tundra‘Soils) A very dark brown of horizon
(top 15-25 cm) and fibrous organic matter are characteristic of these '
soils. A bluish -grey clay band is present Just below the organic matter.
Peters and Walker (1972) have also prov1ded chemical and. physical

'characteristics for most of the 5011 profiles described

Methods" , | 4
In 1970 soil samples were collected onals0Om long east-west

‘transect’ across the IRB which encompasses all three beach ridge zones0

l and part of the adJacent ‘meadow, The samples were collected in. 0—10 cm
and 10-20 cm depth each layer in duplicate. The same year another set
of soil samples was -collected from the 30 cm deep soil profile on the
'crest of the IRB and one surface sample on the Plateau. Chemical and

‘, mechanical analyses were done- by the 5011 and Feed Testing Laboratory,

Alberta Department of Agriculture, Edmonton

Results and:Discussion

Table 1 presents the results of chemical and mechanical analyses

of the IRB 5011 profile There is a very low available nutrient status
in these 501ls Organic matter and clay content are also very low

o Analyses of 5011 samples on the east-west transect (Table 2) do -

L not show progressive changes in parameters except for the Crest Zone .

‘(8 to 30 m segment of a transect) Here figures are generally loner, .

1
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Tab1e 1.

Conduc?
Depth tivity SO ~ Matter
- (cm) N P pH (%), (%) (%).
Crest _ ‘ :
-5 0.5 3.0 53 o 7.8 020 1.2  3.70
510 1.0 0.0 23 5% 8.0 0.20 0.0 - 1.4
015 00 00 7 2 84 010 0.0 0.24
15-20. 0.5 0.5 6 -0 8.3 6.10 0.0 ~ 0.43
20-25 - 0.0 1.0 g 25 83 0.0 0.0  0.29
25-30 0.0 5.5 4 o 8.4 - 010 0.0 0.15
Plateay 1.0 1.5 56 ' 15 . 8.3 030 5.0  1.67
" Depth Hygroxc. N ~ Organic CaC03 C/N//iz;e'Sa*Si C1 Fi Texture
- (cm) Moisture total carbon (%) sat. -~ % --cl
(%) (%) -~ (%) . (%) i
Crest , |
0-5 0.95 0.20 2.5 6.40 11" 100. 94 1 5 0 sand -
 5-10  0.47 0.05 0.82 9.69 16 100 88 3 9 .0 sand
10-15  0.15 0.01 0.14 10.49 14 100 ‘88 3 9.7 sand
15-20 0.22- 0.02 0.25 9.06 13 100 95 2 3.7 sand -
0-25 . 0.22 - 0.02 0.97 9.55 100 9 1 3 0 sand
25-30 < 0.13 0.01 0.09 10.97 9 100 93 2 5.2 sand
Plateau 0.55 0.11 0.97 36.90 9 100 36 32 32 1.3 ?1ay
B : . ' oam .

—

Chemical and mechanical analysis of the soil profile on the

crest, Intensive Raised Beach Site (IRB) and the Plateau,
. 1970. Analysed soil profile was described as Cryic Eutric
. Brunisol by Peters and Walker (1972).

Availablé_nutrients (ppm)

Organic

\

*sa=sand, Si=silt, Cl-clay, Fi c1 * fine clay

20
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" exchangeable cations have almost no measurable level. Significant are
differences between the surface (0-10 cm) and subsurface soil (10-20 cm).
The upper soil is richer in organic matter, total nitrogen, and some
other ¢ raéte?istics. On the contrary pH increases with depfh.
Soilkanalyses.didﬁnot fully support expected differences in
nutrient status along the beach fidge-meadqy transect. Thé beach rjdge'
seems to be a geochemically fairly homogenous unit where today's plant
cover and species composition are still conditioned more microclimatically
(possibly by available‘moisture) rather than by differences in soil
substrate. Where the microclimate has been more favorable and a denser
plant coVer could deyﬁlgp7,$oils}arg slightly more developed. _
According to King ('J§9}¢éhere is oaﬁy a slight differentiation i
~ various beach ri ge[:oils in spite of their marked -differences ‘in age,
This suggests that there was a long veggtationa]xdelgy‘which followed.
deglaciation or a very slow start in the early phase of“plant
establishment. . |

y

Microclimate « | ' - S

‘Radiation, active layer, and soil and plant tempefatufe’

Methods
| “Active layer development was measured.usingﬁh*célibr&ted steel
,rod.' Hith%n the'éxperihental area, active layer was asured along a
transect (1 miinterVal) every fwb or.thrée days dufing tﬁg thaw period, . P
and once a week during refreézé., Active ]ayer depth.al,ng the IRB-
meadow transect line was measured at topographically*éignifjcant points
~once a week. Temperature measuremehts‘(thermocouples) were made tyicé

a week in asprofile (25, 3, 0, -5, -15 and =25 cm) oh three pérmanéntly



'eetablished miefoeiimaticAstationetdee'in each of- the zones, Plant
temperatures were measured by thermocouples introduced into the center
of a plant clump. . o S |

Snow depth observations have been made on permanently fixed
graduated wooden rods, located in an EW trapsect across the IRB, at
points established for the measurement of active layet. ‘Snow: depth

was measured-every two or three days uhtil.snow disappearance. \qug_

density samples were collected in 3 replicates every second day dd;?hg ’

4 the thaw period.

Samples for soil moisture content (n = 4, gravimetric method)“j_t
were regularly collected”during the entire growihg séason. Sampling

pattern was similar to other microclimate measurements described above.

Resuits and discussion

3

Radiation: Data for 1971 and 1972 (Fig. 9) show that over the lowland
there is a decrease of total incoming radiation from the end of June

(0.5 cal. cm™2. min™!) to the end of September (0.05 cal. cm™2, min”').
Net radiation for the Intensive Raised Beach was estimated to be 1,55 .
X 108 ca]-m'z. Total incoming radiation (Rt) for the same period was |
-2

,.3.42 x'108.ca1am The ratio of Rn/Rt = 0.45, in other words

approximately 45% of the tbtallincoming radiation reached;the ground anq
was absdrbed.ﬁ' : ' . - |

Active layer: The lowland is underﬂain by very deep and cold permafrost

(Brown ]972) On the crest of raised beaches the active layer reaches
a maximum of 75-100 cm but is shallower (40- 70’§m) on the slofies and the
transition to meadows. After snowmelt the actiyg layer develops

rapidly, reaching maximum depth in 30 to 40 days. The first few days

22
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'"after:snONmeit the active layer is stillushallou.andntheesurface T
temperature of the ground is significantly influenced by the permafrost

table. Once the permafrost tabie lowers, its influence weakens and -

the actual surface temperature is dominated mainly by current climatic | e
factors, especially by radiation " However, the root zone is 1nf1uenced
by the permafrost table for a much longer period. |

Soil-and plant temperature: Courtin (1972) found a gradual temperature

difference across the lowland from the top of the plateau to the coast -
(7.3°C) ‘at the beginning of July 1971. These differences, measured
at six stations and based on weekly means, was maintained during the main
portion of the 1971‘groning season and suggests that the nﬂcroclimatica]ly
most favored sites are distributed. inland from the coast, the rock ‘ ‘
outcrops and the base of the cliits. |

" Courtin and to a 1esser)extent the author, measured a vertical

temperature profile on the Intensive Raised Beach throughout the growing _ ?l

A

. e

ERPE s S 3 1
“

BEEN

seasons of 1971 and 1972. A distinct vertical temperature profile exists
with the highest temperature being near the surface. Figure 10 a
illustrates temperature gradients on the slope and the crest, measured ) ' ——
on sunny days (July 27 and August 3, 1971) Plant temperature inside .. o
the clump was measured in three spec1es ’

Plant c]ump temperatures are close to ambient air temperatures in
the first 3 cm above the surfa/e are significantly higher than the air »
at 25 cm (Fig. 10). This suggests “that a favorable thermal microclimate
exists near the ground on the ridges and partially explains why the high
arctic species have not developeg higher vertical structure Leaves of

. these cusion plants may, however, exceed 10 to 15°C the ambient air

temperatures (Addison 1973).,



Marked differences between ambient and p]ant temperatures were
~ recorded also by T1khomirov et al., (1960) at Yakutsk (71°, 35'N),
USSR and Harren*wilson (1957) at Resolute Bay, Cornwallis Island.
'/i_ Measurements in 1972 showed that at the IRB the‘temperatures near
the ground were regularly 2-5°C higherkon the crest sompared with.those
on the slope, because of exposure'angle‘to incident radiation. {

v Figure 11 shows the overa11.seasona1 distribution of vertical
temperature in 1971 (based upon Courtin 1972). 'Highest temperature at
the surface occurred in late June, short1y after peak sun, anglﬁ After
mid- Ju]y, temperatures decreased rapidly, except at —100 cm where peak
temperature occurred two months later.' Compared with the Intens1ve
~ Meadow, 500 m distant, raised beach temperatures at the surface were
“almost 4°C higher (Courtin 1972).

' On August 9, 1972, a continuous series of hourly microc]imatica]k

" measurements were conducted in all three zones, ‘The stations weF:‘BO
and 40 m apart; the Crest Zone statiop was 3’m higher than that in
thecTransftion Zone. .The weather'graduaTIy changed'from a relattve]y .
sunny first day to cloudy and rainy»weather during the second day..
Profile temperatures followed the changing weather conditions-(Fig ]2);
fAt the beg1nn1ng there were marked d1fferences between zones, espec1a11y
©in so11'temperatures. Under continuously cloudy and rainy weathervthe
differences s1ow1w disappeared'and the microc]limate profiles were rather‘
similar in all three zones. figure 13 shows the zonal differences in
‘temperature for the 3, 0 and—:émcm positions. Temperatures were highest
in the boundary layer, the same locat1on as the p]ants Eco]ogical1y
mean1ngful i;\%hf finding, that durlng sunny per1ods surface temperatures

<
are hlgher on the crest while dur1ng cloudy and ra1ny weather the slope

27
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Figure 10. Temperature profiles on the Intensive Raised Beach on two
sunny days in summer (1971). .
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Figure 11. Temperature profﬂe on the crest of IRB in summer 1971
) (after Courtm 1972).
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Figure -12. Temperatur"e;profile. in three zones of IRB during changing
weather on August 9 and 10, 1972. Weather Synbols are:
C (cloudy), R (rainy), S (sunny). . '
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s sTightlydwarmer due to_shieﬁdtng'against the-utnd_v<Sodl'(-5‘cm5” R

X temperatures show the most distlnct dlfferences between zones The
lower temperature 1tse1f does not seem_;g be as eco]og1ca11y harmful
as is the occasional temperature ra1se (crest) which causes high
respiration and fluctuation in avai]able mo1sture (Addison 1973)

-There is - a]so ev1dence of a slight temperature 1nvers1on between the

| surface and 25 cm dur1ng the ri1ny period, undoubtedly caused by the

low soil tem‘atures (Fig. 12), . e

Nind,‘precipitation and soi] moisture .

Wind:. In 1971 weekly mean wind ' velocities (25 cm) ranged between

- 1.15-3.54 m/sec, with'the mean._seasonal velocity being'z.lﬁ'm/sec,

3

4 While the Intensive Meadow experienced a mean seasonal wind'yelocity of |

only 1.67 m/sec (Courtin'1972) | Generally speak1ng, wind velocities

increase with the progress of the season the h1ghest veloc1t1es :

"'occurr1ng in 1ate«Autumn The sudden strong ad1abatic winds, foehns,‘

which may occur two or three times dur1ng the growing season are

. probably s1gmf1cant but their effects on tlﬁow]and ecosystem are not

wel] documented ' L . ¢

_rgg_g1tatlon_and_sgll_molsture, Due to interact1ons of wind and

topography. snow is blown from the crest and depos1ted in the Jee side
of the ridge. Table 3 shows snow cover in the.early part of‘the_grOwing

season..



;Table-3.-;Snow'cover'(cm) on:the,Intensire~Raised'Beach;'Spring“l97l'""" '

- ' . - Fore- : Transition

_ Date - - : : Crest : . Slope . {Snowbed) .

- . (m) . ;(cm) _ o (cm)‘»

- . June 17 ,/nk 3 ':ﬁ 0-5 | __10;“ 56 q
June 20 0 e 50°
~ June 24 0 0 32
June 28 0 0 10
July 1 0 0 0

D
X
! LN T

By the end of June snow dlsappears rapidly from the crests and
slopes, but pers1sts for a longer period of tlme 1n the trans1tional o |
“~snowbeds F1gure 14 demonstrates the process of snowmelt, changes in
Snow dens1ty, active layer development and so1l m01sture reg1me after
'the snowmelt and during the grow1ng season After snowmelt, crests
~ are’ water saturated for a few hours, trans1tion zones for several days.
Later in the season soil mo1sture varies w1th t1me, depth soil
" type, and p051t10n on the beach ridge. The crest as the earl1est Snow-
, free and best drained zorie, ma1nta1ns the Towest so1l moasture throughout
' the season. The slope has a sl1ghtly h1gher mo1sture regime, but ;g~n £
-decreases in. m01sture content, espec1ally hear the end of the season. :
The trans1t10n starts off with saturated and virtually flooded soils, as -
is the case in meadows Dur1ng the first weeks after snowmelt the water
slowly. drains and 5071 mo1sture (determ1ned ona volume basis) drops |
R rap1dly At the end of the season 3011 m01$ture in the Tran51t1on

_exceeds 3 t1mes that of the Slope and_Crest Zones.

Toa
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| Figu‘re 14. Snow cover (a), snow dens1ty (b), actwe 1ayer‘ (C) and
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soil moisture (D) in three zones of the Intenswe Ra1sed
Beach in 1972 . _
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* Figure 15 shows the topographic profile of the IRB'with the
:.naximally deVeloped~active 1ayerfand soilkmoisture‘status‘at the;end»

| of the growing season (August 13, 1970).. The initiaT‘deiaw"fn active

layer dewe]opment between the crest and the transition is OVercome'but

the so1l moisture -across tﬂg ridge reflects the Tocal drainage cond1t1ons,

and s1ope orientation of the site for the whole summer. oY

Court1n (1973) g1ves precipitat1on values of 60, 62 and 47 mm over

the four-month per10d durlng the ‘summers 1970 1971 and 1972

'respect1ve1y. In 1971, Ju]y,contributed only 13 7 mm of the total'amountf.

measured. ‘Due to such low prec1p1tat1on whlch is indeed character1st1c

\for this 1at1tﬁde. the ma1n source of water for this plant commun1ty is

the melt water ava11abletat‘the beginnlng,of the season. After this

water is drained and'evaporated' the p1ants are subjected to considerable

water»streSses OnﬁgRB Addlson (1972) found that Teaf water: potent1a1
in 11v1ng Dryas tntegrszlza plants can reach -35 bars Teeri (1973) -
measured a f1e1d leaf water stress 1n Saxifraga oppostttfblza of —44 |
‘bars without any apparent damage to the p]ants There is no doubt that
|  other’ plants in this commun1ty are exp:;ed to s1m11ar water stresses and
:have the ab111ty to survive under such cbnditions This extreme1y low
water potential g1ves ev1dence of the polar sem1-desert to po]ar desert
“character of th1s commun1ty most e1oquent1y Relatlve humIdity 1s Q’ry
high (ca. 90%) dur1ng ‘the entire season. '_ - R

Plant Communities o S

From the days of the p1oneers and explorers there has always been |
an 1nterest in the hlgh arctic flora. In recent times, warm1ng (1921),‘-1
v“-Sdrensen (1941), Hadac (1941 1963) Oosting (1948), Po}un1n (1948 1959), j~.
‘ ,Sav11e (1964, 1972) A]eksandrova (1961), Gavr111uk (1961 1966), : .

3
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v‘Tolmacheu»(1966),;Khodachek (1969) and many others described the high
arctic circumpolar vegetation and collected much information on climate, '
| dsoiLs, phenology and plant growth. o
| ‘ - Polunin (1?51), Bryson (1966), Hare (1970), and Aleksandrova.
(1970a, 1971) subdivided the circumpo]ar regions into zones according
| to various geograph1c climatlc and other criteria. ' \f
Acock (1940) descr1bed the vegetation on raised beach terraces

“in Sp1tsbergen (78°40'N) He found that the vegetation on older terraces :
with more mature so1ls was "more closed" than that on more. recently
e]evated ones. He stressed howeyer, that other factors such as so1]
moisture and exposure were more important. These factors graded upon

pen vegetat1on on terraces into zones by exposure and mo1sture, snow

cover and re]1ef.' Plant 1nvas1on and co]on1zat1on were extremely slow,

with only rudimentary succession. ) ' s )
Savile (1972). showed that the total number of species of vascular
p]ants is more closer correlated to July mean temperatures than directly
to latitude. Reso]ute (74°41'N) w1th its 4.3°C mean July temperature }
~ has 70 spec1es of vascular p]ants wh11e on Centra1 Peary Land (81°-- ‘
~49'N) 6.4°C mean July temperature was measured and 106 spec1es found
Direct corre]atlon can be seen ‘between number of spec1es and p]ant s1ze,
and consequent]y is assumed to occur for stand1ng/crop and p]ant
product1on . ; _ S
~Close to the p]acor1c concept* of vegetatlon (Lavrenko 1968) is - |
Besche1 (1969, 1970) who, on Axel Heiberg Is]and (39°N), distinguished

_ the vegetation complexes, and separated them into five altitudinal belts.

\

.*The term "placor” characterizes upland habitats which are adeguately
drained and on which zonal soils and zonal p1ant formations deve]op
(A]eksandrova 1970b) [ : .
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He also delimiied major vegetaticn zones on Ellesmere, Axet Heiberg

and Devon Islands. Mis concept of Polar Desert was narrower than that

" . of Aleksandrova. Only the coastal parts (except for Devon Island)

were marked by Beschel as Po]ar Deserts while the rest of the area was
ca]ssif1ed as Lusula’ steppe, Dryas, and Cassiope tundras and Polar

- steppe, Most of the Devon Island up1and was described by Beschel as
Polar Deserts. ‘Review of -the postglacial history of the arctic vegetetion

and’ a new arctic Iandscape classif1cation .are presented in Bliss et al.,

1973

| Methocs

Information about community structure and. species distribut1on
was obtained from quadrate samp]xng. In the extens1ve survey of 1T
lowland béach rldges 30 (50x50 cm) quadrats, 10 in each zone, were '
\§1d out in a stratified random manner. Species presence, percentage
cover, frequency, and number of individual p1ants were'recorded Date_
~ from the IRB were obta1ned by analysis of 60, 1 xTm quadrates, |
collected also'in a strat1f1ed random manner. Modified prominence
values (PV) were calculated according- to Beals (1960)

=CVF : C = Cover (%)
,4ﬂfT6“ F Frequency (%)

~

Results and Discussions

Y
"+

A The Tﬁﬁe]ove Lowland beach ridges are beingnclaseifiedvas,quar
vsemi—deserts (Svoboda 1972, 1974, Bliss 1974). Their plant communities
differ snbstantially from the meedowe. ;Species participation as well
as -total cover and biomass change continually from the foot of the beech'

nidge, which is the most vegetated site, up to the'a1mostrbarren crest.
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‘winds. and apparently represents a threshold type of habftat for vascular

This part of the beach ridge is wellndrained but exposed to severe

plants. Of approximately 93 species of vascular plants growing in the
lowland (Barrett and Teeri l973). only about lS species can resist the
stress conditions of‘extreme draught, wind and,mechanical damage on-the ‘ 'j}
crest. An example of the’community pattern on the'crest is presented |
in Fig 16.

The cushlon plant-lichen connmnity was descrlhed as Nardino- ]
' Dryadetum by Rgnning (1965) and,Barrett (1972). It covers most of the
slopes and often the crests of older beaches. Younger raised’beaches' "~
(3-5 thousand years ‘old) have usually less ‘weathered coarse gravel on’
the surface. Some are steeper and better drained. They can develop .
‘extreme xeric conditions, soil water potential of ¥ éc-30 bars in.July
are common. On such'exposed and dry crests, pryae integrifolia is
absent. | |

The zone wh1ch covers the foot of the ra1sed beach 1s usually the
| w1dest, most mes1c part and ecologically appears to b; a tran;ﬁt1on
3 between the cushion plant-lichen commun1ty and the frost«boil sedge
meadow. (Muc l974a) Its plant community is, however, qulte distinct -
from both. communities in the nelghbourhood The similar1ty with-the
mes:c meadow is in the 1ncreas1ng commun1ty cover (between 50-100%), .
m1croenv1ronmental factors. such as moisture, and in the 1ncreas1ng
portlon/ofzsedges.' Carex nardtna is totally replaced by c. misandra
and“this is accompan1ed by C. rupestris, c subapathacea -and somet imes
" C. stans. There is also much C&bstope tetragona present Nevertheless '
plant cover and biomass vary-w1dely even within zones, m1crotopography

be1ng the most respons1ble factor.
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presents the most common moss and lichen species.

1. ae,
:

Since three physical zones ocan be recognized. quﬂbZOne was . -

sampled for plant community composition.
1. The Crest Zone: practically barren with only 10-15% tota1 plant

cover. Sazifraga oppostttfolta, Carex nardma and S4ltix aratwa are

: &
‘the main species present. On the crest of IRB, D. tntegrtfblta is also

important (Table 4). Lichens are mostly crustose, there is ueny 1ittle

moss present (Table 5).

~

2. The Slope 'Zone Dryas mtegnfolw, S. oppostttfolta, Saluc aretica
4 y,

predominate and C. nardina alternates with C. misantdra. Total plant

cover averages 25-50% and folioSp and fruticose lichens (Thamnolta

vemwulams) are more. abundant x(Tab]e 4 and 5).

3. The Transition Zone: the most vegetated zone with total plant cover

over 50%. Dominant species are D migandra, D. tntegrtfblta,

Ay
-

oppostttfolta, S. arctica and Casswpe tetragona There are fe_wer lichens
and more mosses (Table 4 and 5) ! |

Other ;ascular spec1es on the IRB 1nc1ude AZopecurua alpinus;
Arenaria ribella, Carex rupestms, Cerastwm aZp'mum, Draba alpina,
D.,beZZtt, D. 3ubqqpttata, Luzuta confusa, L. mvalts, Oz:yrta digyna,
Papaver radicatum"iPedicuZaris ﬁirsuta P. lanata, Polygomum viviparum,
Saxifraga tmcusptdzzta, Silene aoaulw, Tofieldia coccinea. th all these

species are present on every raised beach. Their actua] contribution to’

the total community cover and biomass usually accounts for less than- 1%

Q

- Low shrub species share more than 50% of the cover in all three zones while

a]l herbs (except for S. oppoaz%szzta) contr1bute Iess than 1% Tab]e 5

, .'.\.

~

Although there 1s a continpa] dec]?ne in composition and cover ' o

going from the transit1bn up to the crest, the\zones can be d1st1nct1y

o .. - . '\-é
YRy
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Table 5. Percentage frequency of main oss species, and pe
o lichen species pn IRB (Mosses compiled after pakarinen*,

[

rcentage cover .of main
Yichens after .

Thawwolia vermicularis

4.4

Finigan*).
) A\
Moss species Crest and Slope Transition
Distichium capillaccum 80 90
Bnoalypta rhaptocarpd 60 40
Mriun ripariun - 2, 50 80
Brywnm sp. ' 50 20
Myurella julacea 40 40
Tsopterygium pulchellum - 20 20
Dicranoweisia crispula 20
Didymodon asperifolius 20
Myurella tenerrima o 20
Ditrichum flexicaule ' 70
Wthypnun nitens ‘ 40
Drepanocladus intermedius, 30
Blepharostoma trichophyllim N g 30
Aulacomnium turgidum g 30
Rylocomium splendens - 30
Pogonatum alpinum 20
Drepanocladus uncinatus - * =~ 20
Orthothsoium z,;hryacun 20
Timmia norvegica 20
Lichen species : . Crest Slopes Transition
Crustose
Rhizooarpon geographicum . 3.3 1.9
Lecanora dispéraa: ’\ 1.0 1.2 }
Lecanora epibrion ° 3.4 18.0 1.5
foliose ' S
Unbilicaria arctica .- 4.4
rbilicaria Lyngei 1.2
" Paymelia separata ° 0.6
) Eyp‘ogynnia subfusca . 1.7 -
Physcia muscigena ‘1.9
Fructicose - \
Cetraria cuculata 0.5 3.6
Cetraria islandicd 1.0
Cetraria'nivalia ’ 1.7 0.5
Alsctoria chalybeiformis 0.6
Alectoria nigricans 2.2 1.2
Alectoria ochroteuca . 2.9 . 0.9
Aleotoria pubescens =~ S | W
6.7 5.5

Moss species with frequency values less than 205 and lichens with_cover walues less

than 0.5% are not included. (Freqnency values are based on 40 cm? sample plots).

N ) ) . ;
*personal communication. For detailed information gee Pakerinen and Yitt (1973)

and Richairdson and Finegan (1973) .

el
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recognized and the sampling technique developedr
Analyses of the Extensive Study data shon that there is a
correlation betWeen‘plant cover, biomass, and age and elevation-of the
raised beacheo, as was aiready pointed.-out by Acock (1940);on
. Spitsbergen. Location of sampled raised beaches can be found on Fig. 1.
: The differences are mostlprOnounCedvin the Crest and Transition '
Zones. Re]atively young raised beaches (5000—5000 years) have less
cover and biomass than those’6000;8000 yearé old (Fig. 17). This .
- suggests that there has heen a certain pattern in revegetation of.the
entire lowland area where beach ridge age and-e]evation, stage of
' weather1ng of the ground surface rocks, d1stance from the coast and
'probably some other factors are involved, |
~Plateau: On the plateau, vascular plant cover is very low (<10%) and

tota] vascular p]ant biomass ranges fron 0-70 gm'2

P]ants; if'present,
grow mainly between rocks expos1ng on]y minimal area above the surface.

| Figure 18 shows the und1sturbed fe11f1e1d without arny apparent p]ant
life. A deta11ed photograph of the ground surface (F1g 19a) shows some

p]ants protruding between the. rocks but. ot overtopp1ng the rock

surface. When the surface rocks were!removed ﬁ‘anthfe became
surpr%singly apparent (Fig 19b)' Most of the plant biomaSs is'formed
.by moss, however, there. are some vascu]ar p]ants The Moss/Vascular
Plant standing crop rat1o 11.2. The rat1os ca]culated from 1970 data
include: - $hoot/Root = 3.47; Live/Dead = 1. 06 The Fist- oﬁgnascu]ar

species from the Plateau and their cover values are presented in Table 8.

< ’ ‘ ) ° : 3

- Discussion

In the botanicaI iiterature, Polar Desert is a well estabfished
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“

. _Figure 19. Plant 1ife hidden between and under rocks (a) and piant
g biomass' relative-abundance when the surface rocks are
~removed (b).- ' o
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concept. documented in works of Anderson (1935) Gorodkov (1943, 1949,

, ]958), Bocher (1949) Fredsk1ld (1961) and others. A]eksandrova (1972:;

. authors. = s o

1971) reV1ewed the c1ass1f1cat1on of the Arct1c by twenty Russian

i

Aleksandrova's system (1970b) was based on ecological and -

‘phytocenological‘rather than on merely geographic:or striotiy o]jmatic
‘criteria, 'Shehadopted'Lavrenko's_(léSé)lsystem of p]acorie'habitats

| where the bases for the zonai partition was f]oristic composition,
charactertstic life forms, and'structure of placorft_communities on

. Toam soils. Aleksandrova recognized two main arctic zones: Polar

Desert with the North and South’Po]ar belts, and Tundra diVided into

h Arctic Tundra subzone (With'North'and South belts) and Subarctic Tundra

subzone (w1th North M1dd1e and South belts)."
It is obv1ous that deta11ed deT1m1tat1on of zones u51ng these

ecologic criteria w11l resu]t in a mosa1c of areas w1thout smooth,

»'lat1tud1na11y or1ented d1v1s1on 11nes, and w1th even htgher 1nterm1ng11ng

on a subzona] and belt 1evel St w111 however, reflect the true

situation and natural position of PoiarmDesert_and Tundra hab1tatsvand

the1r sub~categor1es | |
The Devon Island up]and fu1f11ls the spec1f1cat1ons of a true

Po]ar Desert des1gnated by\Aleksandrova (1970b) During the grow1ng :

Arctlc 1n compos1t1on, discont1nuous 1n coyer w1th a high percentage

"’i__of barren ground restr1cted in vertica] structure and with a poorly '

[because most of the polar desert plants remain sterlle, though they

bloom.~ Mosses and lidhens represent an add1t1ona1 stress factor #or the'

O

perlod the mean temperature is c1ose to 0°C. The vegetat1on is str1ct1y' ‘

adeveloped root ‘system. Apomyx1s prevails over the’ reproduct1on by seeds ;
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£l owermg plants, because they grow ic clumps, they utﬂlze moisture and .
" nutrients ‘that would otherw1se be avai]ab]e to the vascular plants., 'Inf
add1t1on, tight clumps of Tichens may phys1ca11y shade and mechanica]ly
prevent growth of the flower1ng plants, 4
Po]ar Desert soils are very poorly or not at a11 deve]oped they
are neﬁtra] or alkaline with high base’ saturation and with irregular
aecumulatton of humus in iso]ated'pockets,'usua11y under groWing plants.
_ The Tundra zone on the’ other hand has a mean July temperature
lower than +10°C, but higher than 0°C. An abundance.of herbaceous
perennia1s and dwarf shrubs form'dense poTydom%nant cdmnunities with
| on]y spots of bare ground Hummgcks are common Characterist1c 1s a
‘genet1c non- hon;gene1ty ofvf1ora1 elements as a result of spec1es
migration. - At the northern edge of the arct1c tundra denuded polygonal
tundra covers large areas;' Prostrate‘shrubs oCCUr only as a local ,h
; admiXturthn an}herb layer; The automorphic‘soils; namely the Arctic
~ Brown, are relatiVeﬁy we]]-deve]oped but_minor in'extent} ‘However,fthey
represent the only zona] so11 on the lowland. . | |
In this study 1nformatlon about plant d1str1but1on, its strutture‘
‘and biomass within the true Po]ar DesertArepresentsf an important
comparative“check for the Polar seni-deSert vegetation on-naisﬁd
) beach ridges. | I o " R A
| This study has been mainly concerned with biomass d1str1but1on
and_product1onvovaascu1ar Spec1es on raised beach»rjdges, regard]ess'
of the fact that phytocenologically these data may be.derived,from
'different plant associations. The agreenent to treat raised beach
ridges as a vegetattonai.and ecological unit was djctated by the overa1]

'projeet»design, which recognized three major types.of pTant community -
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landscape un1ts in the ]owland sedge dom1nated meadows cushion p]ants ,

on raised. beaches and dwarf heath shrubs in rock outcrops.

Only basic 1nformat1on about plant cover and species compos1tion

: are be1ng used. in this chapter. Further data are tabulated together

| w1th 1nformation about standing crop in the Production chapter and are

T e
-~
KA

_per beach ridge).

also included in the "Appendix.

'Phenology and Plant Growth

Methods - e

Per1od1c observat1ons and measurements on 1abe1ed vaséblar plants
were concentrated on the IRB In 1970 and 1971 genera1 observations
were made of breaking of dormancy and f]ower1ng of most of the spec1es
In 1972 deta11ed observations were made on 100 plants each of Dgyas
1ntegrtfblta and Saxtf?aga oppostttfblza (50 individuals of each spec1es

in the_Crest andvTrans1t1on Zone), The Slope Zone was not samp]ed.:,

frbecause of time. Three pheno]ogica1 stages: 'fldwer"bud formation,

tull flower, and post-flowering were recorded thrddghout the entire
prouing season. 7 }

» The c]ump area of all labeled and observed p]ants was measured
and flower1ng was corre]ated with- c]ump size and in this Jay with |
relative clump age. S1mu]taneous]y, species d1str1but1on was compared
infthe two zones. Photographs of the crest and trans1t1ona1 "ecoforms“
of ‘each. spec1es were taken for documentat1on Stand1ng crop per p]ant
area was calcu]ated for each zone us1ng the data obtalned by harvest1ng

from 5 additional ra1sed beaches in ]971~(5 samples 5x5 dm per zone
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Because of the'difficulty in measuring gromth of tiny leaves and
'shoots of these high" arct1c cushion plants, an indirect techn1que was
chosen in order to obtain informat1on about plant growth. In 1971 and - ;
1972 shoots of severa1 species were regu]arly collected, Some shootsw.
were pressed as herbarium specimens and others preserved in a forma11ne
acetic acid-alcohol fixative. Later, the collected material was analysed
and individual preserved shoots and roots measured,

Results and Discussion | ' n . gli :

R
. -

Pheno1ogy |
Immediater after snowmelt, soils were water saturated. Plants on
the crests and slopes take advantage of this and develop rap1d1y The -
water . dra1ned quickly and the crest dr1ed '
The trans1t1on (snowbed) connmn1ty began growth 2-3 weeks after
the crest connmn1ty This results in a different plant composition, -
cover and strategy 1n'these zones as in similar situations mentioned by
Jashina (1961), Billings and Mooney (1968), Bliss (1971) and Teeri (1972)
Saxtfraga oppos'z,t'z,folza is usua'l'ly the first to ﬂower‘, usua'l]y
305 days after snowme]t In Suxmfraga oppositifolia a'%&"c p]ant
temperature is suff1c1ent to break dormancy and 0°C to st1mu1ate f1ower1ng-
in p]ants grown in a p]ant growth chamber Spec1es such. as Dryasvl
integrifolia, Salw arctwa, Cassiope tetragona‘ Pedtculams Zanata,
and Silene acaulis beg1n to flower 5-20 days later. The-]atest spec1es
to“?To;er are Curex nardhna and ¢. misandra (Tab1e 6). |
.Phenologlcal_events of D. integrifolia and S. qppositifbiia as
well as other species growing on the Crest and‘Transition Zone differ ;

by more'thantho;weeks, being controlled by snowmelt patterns. In the-

23
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late and cool summer of 1972 many Dryas Flowes growing in the Transition
Zone froze while in ful bloom “in late August while the previous two .
years flowering was over by the end of July, . |

; The same phenological .pattern occured in plants growing on “early"
or "late" melting ra1sed beaches .For example on July 20, 1972 when the
crest of IRB (elev 28 'm) had the first spots of snow-free ground, the
crest of the Base Camp (#6) ratsed beach (elev 14.9 m) was 5-15%

free of snow with approximately 5% of the total S. opposzttfblta in
flower 1nit1at1on and 30% of plants in full flower About 80% of the
exposed S&sz plants were-in flower here at the same time.

Figures 20 anq_21 g)ve detailed 1nformation on phenology Af |

| Dryas and'suxifruga on the IRB Clumps of both‘species‘show a simjlar

pheno]og1ca1 pattern in all size classes of the same zone, However;"

. - the curves d1ffer in shape between zones. In the transit1on, flower1ng ‘

of Dryas is d1str1buted over a 10nger period of time and its flowering

stages w1de1y overiap. S&xmf?aga opposzttfblta'sets flowerS‘more

_abruptly in the- trans1t10n and the per1od of flower1ng is s1gn1f1cant1y:

longer compared with f]ower1ng on the crest
/ P]ant size and zonal distribution

~ Although . mtegmfolza and S. opposzttfolw are two major

3

' components of this cushion plant-lichen connmnity, both species have )
- 51gn1f1cant1y d1fferent nucrohab1tat requ1rements thle both species'
have a relat1vely ‘wide toTerance to soil moisture reg1mes, the optima]

r’;s1te for Dnyas 1s the mesic Tran51t1on Zone wh11e S. Opppszttfblta

flour1shes w1th Ilttle compet1t1on from other vascu]arwplants 1n the y

xeric Crgst Zone. Photographs of the morpho]og1ca1 variation ﬂ%tween
lr‘é"/ . ‘ . - - .

-

R ) . . '5\ ..
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".;”priiented in Figures 22 and 23.

~ better adapted species Saxtfraga opposwtfolta and Carex nardina. Ab’ -
- 'the driest sites D, zntegrmfb!ma is compﬁete]y absent, a fact that -
”' quouraged,Barrett (1972) to describe this’ extreme]y xerophyt1c f}ant*

r
. Dryas plants ‘are present, they are flat and prostrate, the most fre%ggg&, h
E clump size be1ng 100 cm2 “Most of the plantosurface is dead Omfthev

55

the typlcal crest and trans1t1ona1 ecoforms of both species are

I’

" On some crests, Dryas p]ants can- hardly surv1ve beside the two CL T

commun1ty as the Nardtno—AZectorzetum assoc1at1on Where dwarf matl

contrary, Dryas clumps grow1ng 1n the ne;Jc ‘an51tlon Zone are '. ,’-
, j,

‘hem1spher1ca1 w1th most of: the cush1on Ehrface being green and produc1ng

more flowe-s. The most frequent clump s1ze fa]]s into the 200 cm2

o ;Jv/ :
class (Fig 24). ‘§Th1s exp1a1ns why in the trans1t1on the averEge e ;}[”i

number of flowers increases w1th1ihe clump s1ze almost 11near1y and why

the d1umps are general]y 1arger Figure 24 a]so demonstrates the size.

<

d1str1but1on of D.° tntegrmfblza c]umps 1nahq¢h gones and average

= number of f1owers per clump as weTl as some other parameters Flgure 25 ;

'presents the game 1nformat1on for s. Oppostttfblta ‘ //, s

.

Both suxzfraga and- Dryas c]umps decrease in size wlth the h1gher
'v f\ »
pos1t10n on- the r1dge Both spec1es howé‘er, differ in flower1ng

pattern and other parametersﬁ On crest, Suxtf?aga forms cogpact cushions

s : w1th more shoots and flowers éér p]ant un1t area while in the transit1on

. more 1osse1y creeplng and fewer flowers are found On the other hand

7y -

" on crests Dryas clumps are a]ways part1a11y dead with less b1omass and

‘fewer flowers.-: ,Consequent]y the-Saxtf?aga stﬁnd1ng crop shows a h1gh

corre]at1on w1th cover.in the Crest and Slope Zone but a much 1ower ;a

correlat1on in the Transition Zone (F1g 26)

;o . . .
R Yo S, a



Figure 22 Ecoforms of Dryas mtegmfol'ba growmg in Crest (a) ‘and ‘
. g Trans1t1on Zone (b). v T /
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Figure 23. "Ecoforms o# Saxifraga
Transition Zone (b),

oppositifolia growi

Y

ﬁg in Crest (a) and
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'jobservat1ons and those of Sav11e (1972) are that green 1eaves of many

61

-~ This 111ustrates why Suxzfraga oppositifolia is a common member
m,

of polar de;ert plant commun1tjes ®iyas prefers the dry mesic sites; *ancflj

cannot be therefore c]assifiéd as a pure]yﬁxeric species. Dryas is

missing in a true Polar Desert, or on a 1imfted 5ca1e‘6ccurs only in

protected habitats. Saxifraga opposi%ffblia completes its flowering
shortly after snowme1t'Wh11e water 'is still arailable Dryas needs a
longer per1od of sufficient moisture to comp]ete the flowerlng

' Th1s cannot be proved simply by comparison of cover and standlng

crop va]ues between these two species within one 1so]ated zone Dryas

if present,,a]ways shows higher figures than Saxzfraga because it *forms
: &r -

' larger cush%ons Nhen'eXamined more closely the independent pattern of

5 d1str1but1on of the two spec1es is more clearly shown.

~ ‘l 4'[‘ K
S w«‘s e e u@:«

A . g

’"Plan&bgrowth
There is very little annual growth in arctic cushion plants such

as D. integrifolia, S. oppositifolia, Silene acailis, etc., in clumped:

sedges:such‘as C. nardina, C. misandra, or in 1ow shrubs such as - A

Cassiope tetragona and S&Zi$'erctica. By direct observation it is

» difficult to distinguish the previous year's green portion from that of

4

the present year in the evergreen and semi~evergreen species. My

arctic cushion® species last for more than one season. To determlne thejf
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‘rate of leaf product1on per year, shoots of Dryas;and Sumzfraga were -

‘?exam1ned in detail (see Methods, p 50 ).
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Dryas integrifolia: : Each shoot of D, zntegrifblia starts. the growing -

~"s__e’aso'n with an average of 2.6 old leaves and has 5 green leaves (on the?

.average) in ear]y August. After snownelt they are reddish brown but
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’
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during the next two weeks new chlorophyll forms and/the leaves turn

, §reen again. In analysing the 1970 date the authqz/assymed’that_all

brown leaves had perished during winter.and that all green leaves were

newly'formed. This error wasrrevealed’by_further observations in 1971
and the 1970 data werevcorrected' Close to the end of the growing _
season, in mid- August, green leaves turn red again, with the new 1eaves

of that season again turning green_theﬂfo1IOW1ng summer. F1gure 27a

'shows the changes in leaf 1ength in 01d and new leaves of D. integrifolia

in'the'Slope Zohe durihg'}971 Dryas is present from top of meadow

. hummocks up to the most ra{fep beach crests. For mbre information on-

.

Dryas growth and ecology see chapter: Dryas clump as a microecosystem
(p.150). - o | . S *
Saxifraga oppositifolia: Each shoot of 5. oppositifolia has on ‘the
average 7-8 leaves from the previous year and produces another 7-8

leaves during the growing season so that .in mid-August there are

" 14-16 leaves in each rosette. FigUre 28 illustrates-leaf size and

number in Saxifraga from five7€;ydom rep]icates collected several times

'

. during 197%.

In contrast with7Dryas, leaves of Suxifragd oppositifblid do not”

Pa

redden 1in autumn. The older leaves die back at the end of the seai?%
-

62

and the p]ant carr1es on with a small green rosette -of 1eaves next spring.

As w1th L&yas, the dead 1eaves remain on the shoot for many further years

' - _
buffer1ng and protecting the 1nterna1 clump environment: aga1nst '
temperature and moisture'fluctuatiohs : |

Carex nardina- c. nardzna growth occurs in compact bunches of shoots,

' connected together w1th very short rhizomes. Th1s results in an age

zonation within a c]ump. “Some reg1ons~are young and growing more
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Figure 27. Leaf development as depicted by growth curves (p]as'tochronés)
- of successive leaves of Dryas (A) and Carex nardina (B).
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saxifraga oppositifolia Truelove lowland 197i.
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Figure 28. Saxifraga pppositifblia deve]opment of a leaf rosette on -
crest, during the season 1971. Fiv¢ randomly selected
replicates out of 20 sampled were analysed on each .datev

(3/4 of the actual size).
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“vigorously whi]e others are old and dying. . Deadlportions of'a'clump

£

can be easily recognized and séparated.
~ Carex nardana Teaves e10ngate for severa] years before they are
replaced The actual Tife time of one individual leaf can be expressed

by the formula:

Ns - A = Mean age of an individual shoot
A=f— Ns = Number of shoots in a clump
Ni . Ni = Number of inflorescences in a clump

f'= Factor approaching unity if virtually
° - ‘every shoot eventually reaches flowering

The life cycle of a C._ndrdzna shoot is completed after flowering.
Assuming that almost everytshoot wil] eventually reach the stage‘of .
flower1ng, the life span of an 1nd1v1dua1 shoot can be ca]culated from

the above formufa. In th1s case a 1eaf of c nardzna wou]d stay

a]ive‘for many years growing and‘d{, §-back every year because "the

number of inf]oreSCences in a clump formed ‘per year is very Tow:

The actual growth of C nardina leaves- 1% cont1nuous over the
ent1re season . as 1is 111ustrated in F1gure 27b.. Leaves carry theubrevious
year s stand1ng dead wh1ch breaks off durlng the growing season and ts

| rep]aced by new d1e ‘back”. from the current season. C. nardtna grows on]y
on crests and sIopes, a]most never in trans1t1ons or meadows
Curem mmsandra' The growth form of Carez mzsandra resembles close]y
that of C. nardtna It occurs on lower slopes and in transitions- -and -
a]so forms dense and compact tufts but the 1nd1v1dua1 shoots have more
Teav s 1n d1st1nct bunches ‘attached together wlth very short rh1zomes
‘Leaves are 3-5 mm wide and follow a similar growth pattern as dede1bed
in C. nardtna. Leaves ‘last several years growtng and dy1ng back every

¥,

~ season.



Saliz aretica: There is a marked difference in size and v1gor of

Saliz aretica plants accord1ng to habitat. The species has one of the :

- widest ranges of tolerance to microclimatic conditiens of an][arotic'_

species. In the Truelove Lowland it_ghows from the most xeric sites

on crests of raised’beaches down to hummock tops in fairly moist

: meadows,'in rock outcrop5<as‘we11 as on slopes of both granitic and

sedimentary c]1ffs, and also on the edge of thv p]ateau above the
low]and Measurements and observations of Salix popu]atlons were ma1n1y
conducted on the s]ope of the IRB rhe data show a high var1at1on 1n

leaf size between individual plants and even between various tw1gs of ‘

" the same plant. This Supp)rts the idea that th1s spec1esvis highly

plastic and sensitite to small changes in envirorimental conditions.
Warren Wilson (1964) discussed the increaswng s1ze of"S. arctica growth
r1ngs from the High Arctic to the Subarct1c S1m11ar conclusions can
be made about the growth rate of shoots, shrub s1ze, number of Teaves

~ / +
per shoot, and leaf s1ze of p]ants distributed: a]ong the transect from

‘the most dry to fa1r1y moist hob1tats.

Salix arctica in the Truelove Lowland develops 3-6 leaves on each s
5

‘fterm1na] shoot per yédar- “Catkins expand 1nnmd1ate1y after snowme]t

The leaves, however,‘ tart to expand approx1mate1y 7 10 days after the
snowmelt. They deve]op re]at1ve1y stowly, reaching fu]] size in three~
weeks. At maturity leaf length'VaJied between 17.0-25.2 mm (blade and
petiole) and'9.2-11;8'hm in'width on the siope. There is» - et

*

";-gradation‘in leaf size from the first to the last leaves wouit * na

season (Table 7).

%» " ' ‘ . | T

\



g@‘f:‘-- o _—

x «£ v N
Table 7. Mean leaf parameters for Salix arctica. Data are Expressed
in mm ¥ SE (n = 15). N ‘ .
/ Leaf.sequéﬁce-'/ o | . o ,
from the first ‘ Blade
to the last Petiole - - - length s width
| ' (mm) o (mm) ) (mm)
! 3.3 % .36 15.9 ¢ .95 7.3 ¢ .37
2 2.9 + .33 14.3£17.0 7.4 £.367 "
3 2.5 1.48 12.2£1.3 6.6 + .70
. g :
4 33 .4 14.4+1.6 7.4 .70
5 « 2.0 % .28 . 13.0+.97. 7.0%1.0

On the slope'the'average annual shoot e]dngation of 5. arctica was ’

found to be 7.7 mm + .42 (n‘= 87).

~_ Winter growth | o U

&

While winter Qrowth has been reported in Deschampsid f1 . 3a in.the.
Murman District of the USSR (Kovak1na 1958) and in KbgreSta bebodrdzt
in tbe alp1ne/tundra of Co]orado (Be]] 1973) there is no ev1dence of
 w1nter growth in the-h1gh arct1c spec1eskexam1ned-by the author and ch.
(1974) on Devon Island . All the spécfes appear to;be deép]x.aormant,
untiibsnohmelt'wheh breaking of dormancy can’ be rapid as with
suxifraga«oébositibeia and Sulixharctiaa 'winter %nactivity is iﬁ
part a funct1on of the three months of tota] darkness and the very cold’

soil temperatures resu1t1ng from 10w permafrost and air temperatures

g'.
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’Dlscussion

Phenological observations and remark< or flowering of high arctic
A:plants are sporadlcalhy available from the time of the earliest;arctic o
explorers Systematic data, however, are’ of much later date. Sprenson l
(194l) presented valuable 1nformation on phenology and plant growth
from north eastern Greenland. Flowering of many species started. 1n mid-
June;.earlier than can be observed on 1slands of the Canadiag High

Arctic. He also collected considerable information on shoot‘and leaf
. ' ] Lt ' ’ [ -~
growth and overwintering strategy. Saxif?aya oppositifolia leaves live ~
for two seasons and the development of aLLurex nardtna shoot takes -

3 7 years or more. Dryas octopetala produces 2- 3 foliage leaves per

season but Sgrensen doubted that Eryas leaVes overwinter because he

: observed ‘their w1ther1ng in fall He did npt realize that some of
o these leaves turn green. the follow1hg spring nd carry on photosynthes1s
' Phenology of‘plants from Bylot Island (73°N), south of Devon
Island was- publ1shed by Drury (19§2), and from Ellesmere Island (Lake-
Hazen area, 81°49 N) by Sav’ le (1965) In 1962 ‘Saxifraga Oppostttfbltq‘
was in flower June 7, and pryas tgfggrtfblta dune 15 " This 1s almost

a month earlier than* was obServed'ﬁn Truelove Lowland (75°N? 1n 19723
an unusually late seagon,.and'ibOut 2 weeks earl1er than in the other

years of - th1s study P - i - R
. Much 1nformation on phenology was publ1shed by Russian authors -
Shamurin (1966) presented numErouslphenology d1agrams of the plants of |
Dryas communjt1es in the Tundra of North Yakut1a (71°36" N) Dryas .
octopetaza reached peak flowering at the beg1nning of Ju; He also: ‘
correlated flower1ng 1ntens1ty and duratlon w1th m1crocl1mat1cal

- factors such as a1r, temperature, relative hum1d1ty, and site 1solat1on

Ch,
f Ry & - . - ;



oL pﬂ,. PR

. *a” . | ., . o "*., . | ,.ﬁ"f%'
| | The observat1on tHat pheno1og1ca1 eventg of arctic p]ants‘A' ' »
/differ in t1m1ng accord1ng to: the hab1tat and exposure fromignow was
rﬁ'ment1oned by several authors. ' On Sp1tsbergen (Acock 1940) flowering of
dry fJaeldmark*spec1es was advanced 14 days compared to other island .
? localities. . ESpec1a]1y peak flowering of spmag%a;a dﬁ%ostttfblta was
";"shlfted.accord}ng to snowmelt Also Druryﬂ¥h962) emphas1zed the
regionaT”and’microtopogrughnc d1fferences as the pr1m;ry factor . i{é&d
‘contro]11ng vegetation, mﬁg d1str:but1on pattern and phenoTogy In -
the Truelove Low]and Teeri (1972) recorded pattern of flowering of -
S, opposztszlza popu]atlons in six ra1sed'beach m1cros1tes H1s¢data
a :;shgw a gradua] sh1ft 1n f]ower1ng pattern between the crest and 1ate )
| " snowbed from June 15 . August 15. ' '
MIn 1972. the author n(t1oed 2 remarkab]e §h1ft
events on_ E]]ef R1ngnes Is]and, K1ng Chr1st1an Is
Me]v111e Bay, Cornwa111s Isla In m1d Ju]y when Devon a 'ﬁ,

"}c Is]ands were°1n the process of\f"ou me]t and mostTy under c]oudy'sk1es, y
’ the western Queen El1sabeth Is]ands had a]ready -been snow free for 7 10 -
L ’;5‘ .o G " ";.
" TRy S and numerous spec1es were" in fu]] bloom At the same t1me Patt1e - 3 )

P and Babb (persona] commun1cat1on) colFected v1gorous spec1mens of E

:'saltx~nrctzea w1th ful&y deve]oped fo11age and other spec1es in fu]]
flower near Eureka ﬁ]]esmere Island The th1ckness of S arctzéb

‘stems attests to a summer c11mate more\favorable for grow1ng p]ants in

1

'f.the northern part of the Canad1ah Archlpelago compared to its centrgl

_gtpart » o ;" )

Yo

In th1s studygpmasurements are presented on flower1ng 1ntens1ty f

,.and f]ower1ng potent1a1 per un1t of p%ant cush1on of two spec1es in two

. \\

fd1fferent hab1tats (F1g 20 21) Hocklng (1968) presented extehs1ve _
O. - %
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K g1nformat1on about the progression and 1ntens1ty of f ower1ng per unqt

area and re]ated f]ower1ng to nectar productlon Saxzfraga oppastttbeta,

70

B Dryas tntegrtfolta, “Saliz arcttca, and Casswpe tetragona were, Studled
45 - ' "by Hock1ng in the years 1963, 1966 and 1967 His resu]ts.showeg marked
'h*" ’ \ N
: -V -#¥differences in timlng, duration and 1ntens1ty of f]ower1ng as wé]l as

d1fferences between the years Also Gavri]yuk (1966Q was concerned 1n the._

prob]em of durat1on of - ;nd1v1dua1 f]owers ! On thevChuckch1 Pen1nsu1a,

... U.s.s. Ra,,the duration of 1nd1v1dua1 f]owers var1ed aoqopd1ng to, the t1me
¥
oﬁjf]ower 1n1t1at1on ang hab1tat a phenomenon obseﬁted also by the

y

o o . . .‘1_;« ' K . “ h ‘\
R In recent yeaé@ théﬁztudy of phenoIoglcal events 1s more and

‘:h
L "lz. fre

’i; T age re]gtfpnsh1o of saﬁéf?ngd”oppostttfblta clumps from. habltats w}th

'Vartgus mo1styre ceg1mes dﬁﬁ%ornwa11is Island. ThlS question showed to

-”l 5

I N (f971 hd;T}ﬁlped'a method of product1on estlmates based upon pheno]ogy

e “more e 1ted 1n product1on studles. Arkay (1972) an1ced the s1ze- i

be qu1texg§§Entna] in our Rroductjon study of cushlon Spec1es -Callaghan o

}‘;‘0' Lo and\iVafiﬁ"measurements of 1nd1v;dua1 p]ant parts and Srgans (leaves, §

~)

‘ kstems, t111ers etc ). @hﬁs method s prom1ss1ng‘1n overcom1ng some o
) (of the problems connected with s1mp1e harvest1ng tethn1ques on anaarea

~ basis. lt has, howeven’ séie d1ff1cu1t1es too; how to re]ate producf1on

P

.- per 1nd1v1dua1 to product1on per un1t anea . N ‘i'w

SR Breakjngesfydorpancytwj4. o i

.P.

- - ) Breaklng of dorm&ncy and the subsequent photosynthetlc response -

- werewstud1ed on\wbryas andvsuxmf?aga Plants co]ledted 1in. late August

‘;1"" ]970 were- transported south in 1nsuTated boxes, wrapped in p]ast1c bags

4

to.ayo1d drylng and stored 1n a freezer ‘for seven months The woody

e e T T . e
R S o ) R ’ it ‘»/ .
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) Dryas and the herbaceous Suxmfraga were stud1ed and compared in, order f%;. )
> “  to f1nd out w g t1me factor is 1nvolved between snowmelt breaklng of -
.; Jge- - dormancy, and”?u]] photosynthet1c act1v1ty lig%"'?jf%“i";; h o -
| t A - g
) . : "4 . . . . : . s« ® i
a5 7 . ' Methods - > , . |
L Y T . . ; .
B ;y ‘ AT H - - - . o . PR B
s ' '.: ' s Potted frozen ptants were - g&aced it cy]indr1ca] cuvettes
¥ 'Eb, (manufactured of a clear, 10 cm 1nterna1 d1ameter, p]exig]ass) with
Ly :
- (clear pﬁ}st1c bottoms and 11ds, and sealed with terrostat (Fig. 29). '
P .
if*f& o ‘Six cuws;tes were used each cqnta1n1ng one pot w1th exper1menta1 : ;w Ya
Fy :'~r‘.l‘ ; ) k : "’ﬁ‘ y : . - ) o . : ' .
ST, materlil f""t T
. ‘ _7’“®my'3‘tnﬂgbr1fb}ta - cont1nuous 11ght - 2 cuvettes - '// ¢
e o U e
oL Dryas zntegrmfbi&a -~ cqnt1nuous da ness - 1 cuvette . & :
' v% ﬁmfraga oppostmfolw —,ﬁb'nt'lnuous l‘lght -2 cuvettes - .
“:igf“. Béach rtﬂ@e soil. w1thout ggants and rgots -1 cuvette v N '." i-;'
- ;v . . A v :‘ o Co
“7?..7;.‘ K The soﬂ ‘was safted Qlﬁ'ough 2 nm mesh 51eve O ‘tw L, e ? ‘
.% . t& M o
e A1r taken fnom the bu11d1ng a1r slpp]y w1th a kndwn content of
Co o 2
'fﬁh‘:_‘ C02 was purged through all sealed cuvet ¢ and samp]es of the»a1r from
1nd1v1 .%ettes were per1od1ca11y ana]ysed 1n ‘the IRGA set up . . _ _"g
.f‘f ‘ descrtbed n F1g 30‘ Net ass1m1]at1on.was measured w1th a "LIRA" ' ~;;
,,_.’;: : . e
o (Mode] 200) 1nfra red gas analyser (M]he Safety Appldances Co P1ttsburgh),
| and recorded. .The net aséhm11at1on,was ca1cua1ted using the formuﬁa
_.after Sestak et aZ.‘ 1971: T
! . . ' . p . S - T .f " -
. . Ko (273 - abso]ute ) T L o S o
' _ « flow rates . ; 3. o T
‘ dry we1ght of p]ant (1eaf) T : I

-in grams .

Co IRGA measured ppm (- of CO2 concentrat1on)
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e °

molecular weight of CO, o S B ,
k.= — . hour (in min) . Vol (in 11tres) .
A “molar volume™. . ‘ a N
K = “ 60 .07 = 0.19778 . 1073
“y C R R ¢
. el ?‘,‘ o
' | . e 7
Leaf tempera;ures were measured with copper-constantan ; ' S
- :

“

thermocoup]e (0.003 mm). I o . o o

Under continuous light'(fIUOrescent‘tubes plus 3'incandescent ;

100 W. bu]bs;>]600 ft.c = 260;Microeinstein'mif’. sec”!. cuvette 1ight

- 1ntens1ty) the exper1ment was started w1tn a -8.5°C chamber temperature ig;
Leaf temperatures were 3 to 6° C higher than that of the growth chamber 7 )

'except fbr the gq;nt kept in. cont1nuous darknessl by ere leaf temperature
» 90 - N o
waﬁ‘about the same as that of the growggbchamber The, plant growth , ?*’.;i

o~ .
-t

chamber was a Qstep 1nP.M 12" Env1rqgmenta1 Growth Chamber Co. with a
Q¥

température range of 20 to +35 % 0 5°C and contro11ed relat1ve

PRC VT 3. LA

z humidity. o o N . BT

- LT w %, "‘ .
o In one and two day 1ntervals ‘the chamber and consequent]y also -

¢ the cuvette temperature was gradua]]y ra1sed by 1°C S0 that at the end
of the experiment (after 40 days) the temperaturé of 111um1nated plants -

was 22°C.
:p o Techn1ca1 prob]ems w1th ‘frost accumulat1on when temperatures
were be]ow the freez1ng point, and 1ater prob]ems w1th water condensat1on

in cuvettes and tub1ng system caused a h1gh f]uctuat1on in CO2 '

(4 - . ’
-

measurements e T 4 .'. R ‘

" "Results - N ST -
‘K:“ﬂ-l—N . . ‘ - -. DA e s (. Vs ) l:i. )
Dryas integrifolia: Leaves of dormant Dryas clumps were brown when

-

-
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Texiglass cuvettes with

Dryas integrifolia“f (b) p

Sawi fraga’ oppositifolia (a) and
lants inside a plant growth chamber.
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.ll,i oo deve]opment bofh-contr1huted to*1ncreased rd!!s of - photosynthes1s

1Y

N ra g & , Plant #ﬁ had hlgher rates of photosynthes1s than Plant #2. _ This

‘)'4

,1,"brown and later to green in a per1od of approximatély 20 daysr ‘.

LN 7

.sdme t1me, leaf e]ongat1on began, 1ncreasing in 1ength with ti

‘:-f:temperature A1l three p]ants showed the first marks of phys1o cal °#A
. ’act1v1ty a{ter 10 days of exposure to the chang1ng unv1ronmenta1 condi ions -
'(F1g 31) ' Resp1ratory act1v1ty of Dryas #3 kept in darkness : ‘m
?Fgg 33;}ustarted ag -1 to ~2°C however, resp1rat1on was very 1ow. .
In 11ght treated p]antﬁ uptake of CO2 was not recorded before 1eaf - _"\f ;
B temperatuhes reached 1 Yo 3°€. ¢ From th1s po1pt photosynthesis 1ncreased .J!f

)
RIS

“

K]

; Cat s
b2

.

w1th r1s1ng temperature ' Two;varlablesﬁ temperature rise and new leaf

& .q 4

ﬁi : -
nay have resu]ted from d1fferences in. non—gr%en green rat}os of both ?

p]ants The rat1o Was*S 50%] for P1ant #1. aqg 6.12:1 for Pant #.

LA “a

The ev1dent1y greater amount of non product1ve but resp1r1ng hsye

.«b1omess present in P]ant #2 probably 1nfluenced the final net photo- «Ti :

‘ temperature was about 0°C at this t1me A positive net photosynthet1c

; V.ifsynthet1c ba]ance of th;s plantt \Nogg of the tested p]ants flowered

Saxtfraga opposi%tfblza Plant actwvity Was first observed on day 5

after the p]ants were transferred to the growth chamber, when the f1rst

jdevelop1ng flower buqs could be recogn1zed on Plant #2 _Plant

‘ rate was recorded between 6- -8 days when plant temperatures were s]1ght1y“

‘“above 9°C; rates rose sharply after this (F1g ‘32).

Plant #1 d1d not flower and its net photosynthes1s rose

) exponent1a11y dur1ng.the whole period of the exper1ment. It set new

[

'green'leaves and these developed and expanded rapidly. ' |
‘Plant #2 gradually developed 13 flowerst'?This~p1ant showed az .. -
T o , L. : . .;av

v
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sharp photosynthetﬁc mise while in flower After flowerlng, however,

net photosynthes1§ dropped progress1ve1y Th1s p]ant probab]y reached

the predormant state when resp1rat1on was still high although net

ass1m11at1on dropped slow]y and ultimately reached zero.
Soil

Resp1rat1on of the top so11 collected on the crest of IRB showed%?i

c]ose corre]at1on (F1g 33) with temperatur@‘ At 0°C resp1rat10n raqﬂg

- were 0. 001 mg COg ,hg’]- ‘h, oL and at 23 C the rate was 0 007 mg’ COZ‘ .

g-] u h‘] .

be cons1dered less stﬁ@!fhcant because of the 1ow relgase rates at tHe

If the sp11 p}ant system is measured, "soil- resp1rat1on %!r

e

Tow temperatures usegl’ f’

- curee o

» . ‘:‘_',. ,'. ' - " N éw@;{', BN r ;\\;\"“;. . . o | . _\h.‘ ':
s D1s us 1oﬁ?} W, R ‘
' % i :.?"”‘ &g;:r‘ . :
S e 2 " s &

- The results of the gro th chamber exper1med€ suggest that

. @ ;a. Dryas breaks dormancy when the p]ant temperatures are, stll] be]ow '
ff freez1ng (-1 to —2°C) Pos1t§§§ﬁﬂhotosyntqpt1c balance was TEcorded |
at 1eaf temperatures 25 3-4°C fo11ow1ng 10 days. of continuous light
‘ treatment and gradua] temperature r1§e ,' S (i Q' : _ L N
T Iab The‘rate of nét photosynthes1s per gram of green dry fo]1age Sepends ;t Tf'

“on _the rat1o of ngn green green_, 11ve b1omass of the cushlon and th1s

-

]

ratio changes w1th the age of the cush1on Young p]ants will have a
~

more favorab]e rat1o which. w111 result in more vigorous growth wh11e ‘ L

u

o]d c]umps w1th a h1gher non- green component w111 flnally stop growth

a]most comp]etely o I o R . "

‘;

Saxzfraga op,zost‘mfolza breaks dormancy much @0&7‘. F]ower N '.ﬂ%:' .

1n1tnat10n was observed after 5 days_of'cuvette treﬁfment and resp1ration



D S ‘ NN
~was measured at temperatures of.-2°C, virtually from the beginning of:
| . the experjment, Net photosynthesis tdok over ‘from day 6 when leaf

témperatures‘were-slightly above 0°C.

d. The-rates of net photosynthesis were higher in S. oppositifolia

<1

compared with zryas, (2-3 mg CO2 . g} green tissue in Dryas and 5o
B, e

mg'CO2 in Suxtfraga)a

e. The'seasonal'eyeles*of7both tested species differ. .
to be a more conservative plant. It broke dormancy more's]owly, deve]oped
1ts photosynthet1c'apparatus gradua]]y and its growth was cont]nuous

over the who1e season (50 60 days) Saxtfhaga started growth- abrupt]y
. ¢ &
after snowme]t w1th<a ready gneen shoot compIex wh1ch expanded rap1dly

gl
| o

5
It reached ‘the peak ofnseasonal development 500n and in flowering p]ants
K /

d

the POStflowerﬁng s@gge was characterﬁzed byaa sudden decT1ne in net -*’
photosynthes1s | The non- flowerlng c]ump ma1nta1ned a h1gher net 'v - B
pmwmm”m”mﬂwm%mMmM”WW@mﬁmm'}

~ The resu]ts of the growth chamébrqg;per1ment comp]ement the | < -\'“

overa]] p1cture of the begfvnor of these cush1on p]ants and agree w1th
L ) V &

the data of Mayo et aZ 1973 and Thompson et aZ 1973 on’ Dryas "‘

. ass1m11at1on measured in the f1e1d in 1971 and 1972 (3 5 mg C02 g

331 A L

h“J), The authors a]so obta1ned 1ower va]ues*fonb“red ]eaued“abryas,':ﬁ% b
kl »

\short]y after snowme]t Dark resp1rat1on rates measured unde rt1f1c1a1'*VQ:'

cond1t1ons are comparab]e W1th the f1e1d data as welld;ca 2 mgtC02~g .s';; o

”"h'j at 20°¢) However, Hartger1nk (1974) recorded pos1t1ve CO2 ﬂuﬁr

’

Lol f1xat1on of non- dormant Dryas p]ants at -4. 6°C 1n the 1aboratory under :

BB N

_contro11ed envlronmental cond1t1ons Sh found the max1mum»net ','75, e -

vassimﬁ]ation (13 4 mg . g']”. h™ ) at 15°C, At 24°C net asStm11at1ong,Q

‘was’ a]most zero due to h1gh resp1rat1on > S

S $ - ¥ R
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- The‘measured progressive start of Saxtfraga p]ants 1mmed1ate1y
_aften snowmelt is supported by the common observat10n that 3hxmfraga
| oppostttfblza is the first flower1ng plant in the H1gh Arct1c Sim1}ur
f1e1d measurements were done by. Teer1 (1972) Who found that most of thgi'
- initial dry we1ght ga1n fh s, opposztszlza occured whilte the p%gnts, ;
were tota]]y immersed in me]twater o . L g

Vascu]ar P1ant Product1on : . oo ,‘ ‘ S Y

'The need to collect quant1tat1ve data’ on plant growth and, *
productlon was emphas1zed by B]ackman (1919) and Boysen Jensen (1932)

)
ear1y~1n thls century It took a]most 40 years before new quant1tat1ve

‘mgthdis were deVeloped and new concepts def1ned
Plant productlon study‘ﬁn arct1c and a1p1ne env1ronments was _"} -

v 1n1t1ated ﬁy B]1ss (1956 1962a), Warren W1lson (1960 1964) B1111ngs
8

_and Bliss, (1959) SR S

Ru551an authors have been engaged 1n arct1c ecolog1ca1 problems

for a &gng t1me The1r ma1n 1nterest was concentrated on phytocoenoIogy" '

,q.‘b
*.and so1ls as ment1oned in. prev1ous sect1ons In the past 15 yegis

c #

Lavrenko et al.. , (1955), A]eksandrova (1958 1969 197@) Chepurko
(]966), Khodachek (1969), etc have pu?11shed very usefu1 data about

‘;; ,the stagflng crop and,zonat1on of tundrggvegetatIOH In these papers

w
IR RA

‘ the product1on and product1v1ty mean stand1ng‘crop Rea] dataaon

4,

: arct1c tundra product1on and product1on rates (product1v1ty) have not
s, ' -

appeared in the Russnan lltérature until recent1y (Chepurko 1972

o

Gorchakovsky et aZ 1972) ‘:' . "" .. .Q ' a_' o h:

=

“-“if"l The present Internat1on91 B1o1og1ca1 Prdgram (IBP) has

;--41nd1sputab1e merit for encouraging stud1es of production and product1V1ty .

v
‘-nl

of\the main worfd\b1omes 1nc1ud1ng the Tundra B1ome Of the tundra _ 1\ e
T ) ; : e 4 L T -
] Ve \

- I A et
. oo )
. AN L
S N U

Sl
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blome stud1es withm the IBP only the Canadian Devon Is]and Proaect '
is located Jn the’ High ArctAc. There are no data in the Hterature -

_ deaHng w1th productwn of Po]ar Desert or Polar Semi-Desert. p]ant

’7
communities except for indirect est1mated

¥

3 Methods = ‘»‘% T

1970 growing season

% ' :"_5

i~
Sh 4

Harvestmg for productmn was done in randomly chosen (5x5 m)

o subp'lots. Sixteen samp]es (20x50 cm) were harvested "(two for each

- , ’ .. . M ~ a - ' ’..'-,

K ey

- remammg Soﬂ contammg some roots was' dug. in &o layers (0-10 and

10 20 cm) Ai;]jco] (ected mater1al was sort&doas to species Each

_spec1es was d1v1ded 1nto Y‘O%S and. shoots and Shoot%s further subdnmded

'

"1nto standmg 1]ve (prown stems .and green Ieaves) and standmg de%b

i.;

a

jharvesta spec1a1 attenf.}oruuas xgﬂen tzo the lichen and mOSS standmg

crop . "', S e e
h : e R . > Ot wo 0113 o . A i .
.v‘,:' . . '~ . - - NS . -’-‘..'7‘;5 “ -",'.‘-n N ” BRI ) ,I7 ; ’ R
1971; -"-gr,ow.ing season - R S
: _a' g . S o S o LN S .

£

]

Roots were washed in contamers and aH f'ldatmg ro%s Zere cglf?Ected

This way even very fme roots were savedﬂ whﬂe carboni ed anc1ent

: root fragments sank 4:0 the bdttom AH pﬂant matema] v’vas ovendrled

!
at 80°C Fiye harvests ﬁere performed on the Intenswe Ra1sed Beach

durlng 1970:, at 057, 15, 28, 49 days ;;aét1ng June 22, In the fou;fh

The second year subplots were chosen by a zona] st‘i*at1§f1
2

techmque[ Samp]e size wasnncreased to 1 m to get yeater omogene1ty

w

(tota) 49 days) startmg Jl‘ne 21,

Lo . A O T R l N
[ . . . 4H.o s . R . [ ‘

PR M N e T

. subplot) by first digging up the plants with a1'| available roots ?T‘lhe” _

S "v

in samp)es The time span fé harvest1pg was 0,,7, 14 28, 49 days o>



83

£

Procedure of 1971 sampling:

One sample (100x100 c;)Awas réhdom]y chosen in each subplot, 12
per harvest.

fota] cover of community and cover by species present was
determined in each sample. ‘

Th:zz randomly selected }ndiviqutl plants (clumps) per each species
present in the sample wére dﬁg out with the whole root system,
labeled and bsgged separately for further detailed study (root:
shoot, dead:live, brown:gréen ratios). At each sampling, 30-40
individuals per species werd harvested. ‘

Remaining aboveground standing crop in the sample was collected and
separated by species. The standihg crop proportions forvgreen,
brown, etc. in the sample we;; calculated using the fatios obtained
fcdm analyses of individual plants.

Soil cores (M=120, 6.5 cm in diameter) were collected (10 perfeach»
harvested subplot) once during the season in order to eétimate 
the total below ground root and“fibﬁous organic matter. ~ ‘

Extensivé program: Ten quadrats (56x50 cm) per each zong of 10
additional réised béaché§ were ;ampled for Véscu]gr plantiggyer and+« -

~ “five of them.for the vascular plant aboveground stapdfhg’érbp. k
l Standiﬁg crop of the remaining non-hgrve;ted-fivé quadrat;g~in a.
zone was calculated using the regréss%on of cover yersus ﬁtanding e
crop. - )

Short methodologic descriptions of snow cover, ;oil moisture, plant

and soil temperature and some other simple measurements are

included. - s

/ r ’
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1972 growing season

Harvesting of vascular plants was 66nducted 6n an individual
plant/species basis; 10-35 1ﬁd1v1duals~per'spec1e§ pér~zone were
harvested along with the rooé\System immediately aftér-snowmelt (Harvest
1), and at the peak of growth for each species (Harveét 23. The area
of each plant ¢lump wa§ measured and the standing érop as well as
production values per m2 were calculated usfng the spét1ES cover

~

information in the zone.

Consecutive sampling enabled one to obtain thexhﬁximum span-Between 1
the lowest and the highest dry weights, and allowed necessary time to

work on sample separation,,
Calculation of ,production

Values for standing crop vary so much\that calculations of seasonal
production could not be baséd on the simp]e'%otal weight differences
-between harves&s. Green photosynthetic portions of standing crop show
the least variation, and wefe therefore taken as the main criterion
for the production estimates, .

Aboveground production: Average annual shoot production was . calculated

by déve]oping and using a laborious tecﬁnique of Dryas éging and

the determination of non-photbsynthetic stem biomas§ accumulation in a
clump over many yiﬁps. On average, 2.5 new green leaves are produced
per 1ive'D;yas shoof éach year. NThe tetal number of dead but still
attachedileaves on a shoot divided by the average number of new leaves
each'year (=2.5) gives'agg and a!so rate\of linear growth ‘of a shoot.

The waight of a dry stem (stripped of all leaves) divided by its



estimated age gives the mean annual dry weight production of a steﬁ._
| é;rwhéther this ﬁn;rement was distributedxregularly;aiohg the entire stem
or used-mainly in'an apicé1 growth makes no difference in this
calculation. This annual stem increment. was calculated to be 20.6% of the . .
net seasonal green shoot_production.v'Thhs net annual shoot production
’ is calculated by summing net seasonél Qfeen'producfion plus an
additional 20.6% of this productioh as assumed to be translocated and

-

used in stem diameter growth.

! Be]owgfound production: Net annual root production wa assumed to be

equal torstem production (also ca. 20.6% of the greenz:gduction)e*or |
the following reasons. A Dryas stem:root ratio is 1.8:1 (10.3). This
would suggeét'a higher stem productibn'%hen'compared with rqots (onay
brown stems stfippéd of a]]kleaves were used in .this calculation).
Neverthe]esé, some fine roots are produced and die back each year which -
are not harvested;or are\Hestroygd by washing, tﬁérefore‘it is assumed
that roo£iproduct§on is about equal to stem production and I have used
this ratio in thésg\caIpulatidns. Previously (Svoboda 1972) root
productioh Qas assumed t&,be déub]e that of brown stem productiqn.

The estimation of aqtive (1iving) and inactive (dead) roots'of

Dryas integrifblia was based-on the use of Fadioactive phosphbfus‘iﬁ

.329, and after allowing two days

_the field. Shoots were labeled with
fﬂ;ftraqslocation to-the roots, autoradioé}aphs wg;e,made to distinguish
live (tréné]ocatjng) from dead (non-translocating) roots.‘ This technique
is described by Svoboda and Bliss (1974). '

Dryas total seasonal production.ﬁas calculated by using the

. formula:



>

- _ J L - .
R © " |seasonal . (0,81) = | RS
: green x (0.206 + 0.206) : \\Wﬁfh\—4——/////
Seasonal \ production o .Iota] seaso '
" green + — . = above & belowground :

~ production stem and root production ~ production

3 .
~and standing crop. The effect of beach ridge compass orientation and ‘

-

Assuming that the strategy of the cushion species is fairly
'similar, the factor of 0. a1 was applied for the calculation of the

community production in each beach ridge zone.

Results | o ' : : -
Extensive Study Raised Beaches
The results of the extensive sampling program of cover and S

aboveground standing crop on eleven beach ridges in the Truelove Lowland

' are presented in Figure 17.

As already mentioned in the section on plant cognm\ities, a f -

Tl e

p051t1ve correlation was found between_age and elevation of raised

beaches, and their plant cover and total standing crop. Older beac

ridges which.are located further from the shore also have a.better

microclimatical regime (higher temperature) as was documented by Court]na,’

o 4 ( s
hoa R
K

(1972 and l973) This has 1nfluenced plant establishment, community \
|
\

cover and standing crop. The differences are most pronounced in crest

and transition zones while the slopes maintain a fairly constant cover

Ten

slope angle probably overrule the factor of age, elevation and distance
~from the shore. _ ' |
On crests, the aboveground standing crop ranges from 30 to 255

g-m (average 97 g-m” ) Steep ridges with a narrow crest dry out



[
4 B

,,; quickly, making plant establishment difficult. Some'crests remain
) almost barren ~_On the other hand , flat ridges resembling a road hold
more m015ture and therefore a greater plant cover and standing crop

develops, ) :
~On slopes and tranSItions the standing crop is £00-480 g m"2

(average 287 gm 2) and 165-530 g m -2 (average- 359 g m 2) respectively.
A series of figyres (Appendix ) presents the linear correlations for

individual-Species of aboveground standing crop vs. plant cover. The
————— figures are based upon 1971 sampling data.

"The Plateau.

-
-

St /1Iﬁ&;?and standing crop data are presented’ (Table 8) for two

, sites on the East Plateau Polar Deseﬁtft,Vascular plant standing crop

s very low here, with mosses comprisi g ‘the main component The moss
vascula?tpiant ratios are high 1.2 1 (Area A) and 4.3:1 (Area B).

On the Plateau, Saxifraga oppos;ttfblta lS the prevalent species
;and is accompanied—by Eupaver radtcatum. CErastzum alptnum and tufts
of Poa gZanca.. Plants have very tiny thread like roots and the shoot
root ratio.is higher than that on: the beach ridge. There were no

,ggggz\plants present in the areas sampled -Hoddy species (Salix -
"arcttca and Dryas integrifolia) can be found near the plateau edge
}but only in small protected habitats. ' _

Production values were found to be very low on the Plateau, ‘
2-5—g~nmm 2 (Table 8) Even these figures cannot be taken as '
representative for the whole upland Po]ar Desert where there are

_ “waste areas with Virtually no plants at- all (0 to 3% cover) These

" data were gathered w1thin 1 km from- the edge of the Plateau
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Intensive Stud§ . . )

~Standing Crop

Results of 1970, 1971 and 1972 sampling for standing crop on
the IRB are presented in Tables 9, 10, 11 and 12,

/On a commumrity basis the green-photosynthetic standing crop
represents a mininfl fraction of the total; ca, 1.5% at the beginning
of the season to 8% at the peak of growth f T e

T ’ N .
The average shoot:root ratio, if'only attached roots are takeﬁ

~into consideration, is 4,7:1., Attached roots represent approximately

20% of the total standing crop. 3

The average dead:1ive aboveground ratio is 1.7:1 (only

approximately 40% of the eboveground>biomass is alive). If unidentified

_'(non-attached) roots which are mostly dead were included, the percentage

“of live would be even lower.

On a zdnal basi5°the standing.crop of the abovegrodnd live
portion decreases to the top of the beach ridge along w1th plant
cover.' Stand1ng crop shows a max1mum in ‘the Slope Zone (Table 13).

This is due to the hwgh port1on of undecomposed standing dead éontained
in Dryas clumps, which are bigger in the drier Slope Zone than in the
moister Trans1t10n Zone. ~ The contribution of vascular species is |
presented by zones in Table 14, |

A]thoegh Dryas covers 28% on the Traneition Zone compared to

17% on the Slope Zone, there are on]y 211g m"2

of Dryas standing dead
on the transitfon versus 320 g m"2 on the slope. Tﬁe.eboveground
dead:live ratio for slope is 3.3:1 versus 1.6:1 in the transition and

2.6:1 On'fhe crest:~ The low ratio on the crest is necessary to account

.89
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Table 9. Mean* community standing crop fgr the Intensive Beach Ridge
Site (IRB) in 1970-1972 (g . m-¢ t SE). o
N 1970 1971 1972
. ) hl '
ABOVEGROUND
Green 29.3x 1,7 19.71 2.6 24.8t 7.9
Live brown . ¥ 100.914.8 95.8¢ 2.7 - 70.6% 4.5
Standing dead 169.0412.3 179.1419.6 255.2+20.9
BELOWGROUND
Attached roots 89.2¢ 3.2 62.7¢ 2.3 54.8% 1.4
: A1l roots & Fibric
org. matter 795.8 704.4 -—-
RATIOS
Total aboveground:
Attached roots 3.6+ 0.3 4.8¢ 0.3 7.5¢ 0.4
Total abo?eground:
Total belowground 0.4 0.5 T
Aboveground live: .
Attached roots 1.5 0.2 1.8¢ 0.1 2.0+ 0.2
~ Aboveground dead: |
Aboveground live 1.3 £0.1 1.5¢ 0.2 3.2 £0.4
Aboveground live brown: _
Aboveground green 3.4 0.4 5.1 0.7 3.1¢ 0.8
Total aboveground non-green: ' )
Aboveground green 9.3t 0.7 14.7¢ 1.4 14,1t 3.7
Total non-green:
Aboveground green 12.2¢ 0.9° . 18.2¢ 1.9 16.6% 4.4

*Mean values of 5 harvests in 1970 and 1971, and of 2 harvests in 1972
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-Table 12. Seasonal changes in standing crop* (g . m'z) for the
Intensive Raised Beach Site (IRB), 1972.

Date of harvest  June 29-July 13 July 24-Aug 11
STANDING CROP FOR COMMUNITY

Aboveground green 16.8

Aboveground Tive brown 66.1

Aboveground live total 82.9

Aboveground standing dead 234.3

Total aboveground 317.2

Attached roots 54.0

Total aboveground & attached

roots 371.2 - 431.9

COMUNITY COVER (%) 35.69

RATIOS FOR COMMUNITY
Total aboveground:

attached roots ‘ 7.1:1 7.9:1
Aboveground live:

.attached roots 1.8:1 2.2:1
Aboveground dead:
Aboveground 1ive » 2.8:1 3.5:1
"Aboveground live brown:green 3.9:1 2.3:1
Total aboveground-non-green:
Green ’ 17.8:1 . 10.4:1
Total non-gréen:
Green 21.0:1 12.2:1

*Standing crop was calculated by combination of area and crop values
of harvested individual plants with the cover values for the IRB

\

-



94

., ,
g .
L “6ny 1 by 8 “bny
DMIpIDU *), . DUIPIDR ‘0, DUIPIDU 0y
- L9 1:6°9 e st L:6°s€ 1:0°€2 :a..w 529:8.5..8,_ inoy
. B S A 1:9°¢ 1:£°61 1:8°1¢ 1:£°81 1:6° u33.6:uddab-uou punoabaroqe |v30)
1:9°1 Lt (SYAF] 1:0°9 ey et U3346:um0uq AA}L punoufisaoqy
1:9°1 [ 2 B t:ige e 1:9°2 1:2°2 3A}| punoabaaoqe:peap punoubaroqy
1:6°2 e 1:6°1 1:201 Lttt 132t $3004 payoRi3ev:aAl| punoubaroqy
1§t s 1:2°8 1:0°'8 L:es - 1:9°¢ $3004 payde3je:punosbanoge |v3o0)
. tAJjunuN0) J10j SOjIwy
- 0e°es 'K wer A © 4IN0D ALINAWWOD-
. 41 1682 8'8ES  O0'ELS £°50¢ v°652 $3004 paydowI3e § punoubanoqe |e3o0)
CLUES Yoy €85 8°9§ 8°€S 5'GS - $3004 PayIvIIY
9°66¢ 192 S°08¥ 2°95¢ §°1S2 8°£02 punoubaroqe (vio0)
5°592 0°6€L '€ 0LE 2°65€ 218t - sUepl ~ peap bujpunys punosbanoqy
st L L6 z-ott 0°L6 €°0L £y - 1v303 punoubaaoqy
* 19796, 129 6'08 1°¢8 £°€S 8Ly _ umo4q @A}
$'6S 9°G¢ £°62 6'€l 0t $'9 . u234b vsﬁa?oﬁ
_ ‘AJjunamso) 403 doa) Dujpue3s -
’ s .
#|E ALne €L Ane »LZ ALnp v ALnp »$2 ALne 62 aunp 3300 ISAALRY
11 1 I I 11 ) S g .
NOTLISNVYL 3401 1S3¥) .

2L61 “(aul)

P3}1S yoeag pasiey IALSUIIUT Y JO SIUOZ Uyl Y} 404 AN-_. * b) douad bujpueis uj sabueyd jeuoseas ‘g( Ilqel

\



/

ﬂ \ ..,. o
’ , N Y - ‘ e
N ¢ A , o au_ u
00°00L - " 5°05Y S'L66 592 L9 §'6s  0°¢s . oc'es : w101
"0 te T Lo 9°0 o't 8°0.. el $9400ds am3Q
.81l - 8°¢§ L' sot 0z et L6 | 09« . - o303 sdoyess)
. 109°2 L 9°¢ 60 09 .- LD ty .}n v o 8:9835
e ¢ : 8¢ 9°€. 0T T et 66 - 00¢1 s3a300dn0 TouD)
oc'e JLI I b TR 2 &1 LS\ 802 : | Dpne zaung
569 SN s& . 56’ S9Ny oe A 09°Y Q&:%o&o 0003305
x.,E eue 8962 e a2 v 6y 9'9€  “0'€2 0822 %&.&35 kg
? ool 9°8t$ 08y £"6Le 8°08. €62 78S S6°¥E N - 10L
st'o - 8°0 Lo - €0 0. 1o 1,0 :.u&.m 4330
1 1EL 89 .. e L0y o £9 98°0 po3z048 23108
. 80 st -8°0° 90 T o : ..c Lo F N . :.._rs.&.: xoaD)
B U I 8t §°1 0 _v0 . —£0—  ey0 MDY TITO
99y 1°se 1 €2l 9'€ s v Y -96°¢- . BAIPITM Xean0
@ v it 0°69 o'ee L9962 vy re B9 -D}10/33300ddo vboxf1x08
u o 9swy 6 €8¢ 5°02¢ 0'tyY-  ¥02 - I'Nw $9°91  Phofrileauy eohyg
s e . . .. ieders
00°001 €652  6€02 - ®6N 8L g9 vss - el . . w101
$9°0 L 91 40 T 9ty 10 o’ sU'0 ) $3433ds 430
08 €L 8°5€ 69 ¢ - 9el "o 6°81 n-e ) DO33OUD 23105
BE"LL: LSy y'62 9 - ¥y L IR 11 08°S DURpIDU THID)
¥9°02 s°€§ S°Sy vee . o5l e .08 -50°9 v310f33380ddo DODLS 1708
s°Ly €2l SOl - . S'€6 ¥€l 9€ 2 §5°L D310f14B03u} SDAG
> ) tJsad)
: ~
(L1 doud °3s LT PRp  umouq udub $3004 JIA0) $3}08dg
LR (noy LSS * bujpuns LLYS payInIYY 3
. wc- 6 se vouno.axa o._- L 21 1]
"(2L6L “11-3snbny 03 (7 K(np) saydads [enpiapul BY3 30 yIMoub xead 3 ¥ ParsIAARYy ‘(GYI) 345 YINIG
; Pas|L®y. dApsuAIu] M3 jo (sauoz Aq) doud Bujpueys Y3 03 SI}O9ds JRINISRA ULBW 3O UOIINQIIIU0) ‘§| P(qeL

!

«

o

.L\‘



" Vascular plants - T " '596.6

/

for the fact that Dryas clumps are very shallow and prostrate here
and easily damaged by frost.‘Jrought and erosion, Powell (1961)'
presented a photographic demonstration of a winter blizzard (January
1958) with erosion of snow drifts exposing the summits of the Dryas
hummocks in Lake Hazen Area, Ellesmere Island. Many areas of bare
ground were exposed by blowing snow ano sand.

‘Another significant trend was found in the increase of aboveground
11ve'brown:green, totalfabovegroond:green, and total aboveground and
belowground non-green:déeen ratios a1ongvthe raised beach gradient
(Table 13). The trend of these ratios suggests that there is a higher

proportion of non-productive tissue per unit of green-photosynthetic

- tissue going from the transition to crest, i.e. from the more favorable

to the least faborable habitats,
' Toble 15 gives inform&tion on the proportion of Vasculag‘plants,

mosses and lichens on the IRB which was obtained by analysis of. harvest

4 (20 -July 1970).

| §/,,(”‘\h—\ _ N
Table 15. DiStribytion of p]ant ‘community components on the Intensive
Raised Beach, Truelove Lowland, - o

-

- St. crop components N ) ‘ g-n“z K % of total

Mosses : T , 77.37 -
Lichens . | (///f/ | 70.8 -
' B - 1887

Total

v

’

For further 1nformation on moss and lichen species composit1on.

Al

cover and standing crop distr1but1on in beach” ridge “zones, see '

s
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pakarinen and Vitt (1973) and Richardson and Finegan (1973),

respectively.
Production and Productivity

Seasonal changes of the total yascular plant aboye and below-
ground standing crop show an apparent production of ca. 100 g-m"2 in
1970 and 110 g.m"2 1q 1971. This would represent a seasonal dry
weight increment of ,ca. 30 and 35% repsectively. These values though
carefully measured are too high for a Polar Semi—desert comnmnity‘m
taking into acéount the very Tow photosynthetic portion (4-7%) of 1ts
total stand&q:acrop, lTow net photosynthetic rafes of Dryas (Mayo,
et al., 1973)

(Table 4). Should net annual production be based on wejght differences

nd the small percentage of vascu]ar plant cover

from dlipping, in order to obtain a significant resolution between
‘ harvests, one must increase the sample size and number of samples“ *
beyond the carrying capacity of the study site and beyond the physical
ab111ty of the iresearcher to handle such an amount of work.
‘. In or&er to.mske rsasonable estimates of net annual production
' gsgther appaoaéh was undertaken és described;in the:Methods, p 84.
Seasonal production is estimated for each of the vascular plant
groups woody species (Dryas mtegm}’oha, Salw,m-ctwa and '
,Qasszopé tetragona),xmonocots (Curgx nardzna, C. misandra and C.
rupeetmié), and forbs (Samfmga opposttzfolm and a few other species °
which g{ve-é vefyflow'COntribution to tq . total biomass) (Tab1e'36).
| * Annual net p;oduction of the IRB wa>-e€timated to be 22.3 g . m
in 1970, 20.4 g-. m “2 11971 and 22.7 ¢ . w2 in 1972 Daily,
seasonal product1v1ty values nny dfffer according to the criteria used .

for-the definftion of the growing season. ‘}he potentiai growing

1
‘- .

-

]
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season is that period of the year\in which plants theoretically can '
grow. At Devon Island this is the\period from snowmelt to fall Qﬁen
mean weekly temperatures drop below the ‘freezing point On the Base
Camp raised beach, the potential growing ‘Season varied in 1970-1972

(Courtin 1973): ‘ -g
\

1970 June 18 - Sept, 15 \79 days . N
1971 June 12 - Aug, 31 . 80 days |
1972 July 5 -~ Aug, 17 46 \days (with ca, 7 days

, below 0°C in ear]y

. \\b August)
vOn raised beaches'the "actual” growing sees\n from breaking of“‘
dormancy to changing of leaf color in fall is,,howeyer. much -~horter.
Most of the cushion plants complete their seasonal o}c1e i~ . 50 days
even though the mean weekly temperatures remain above he freezing
point for a longer period of time, Allowing for some‘subjective error,
the dctual (active) growing season was determined to be 50 doys This

gives more uniform and also more probable productivity values:
2

Active.growing season : Productivity (g day )
(50 days from snowmelt) .Total . Aboveground ‘ | :
1970 - om 035 -/
e ' = ‘_ L am /
1972 s oeas™. o
Fluctuations in producfﬁon within the Crest Zone between seasons, |
~can be partially explained by differences in available moisture during
the growing Season. ihe crest is the best drained zone nhere soil iw '

water potential often falis ‘below -30 bars (Addison 1971) Moisture is

the primary limiting factor here.
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* Root Autoradiography.

An estimation of active and inactive (dead) roots of some cushion
. A

species cannot be made visually., Perennial D, integriszia roots are

wirelike, dark and do not change physical appearance ‘whether' alive or" e ——

| dead, The tetrazo]ium hydrochlaride test is laborious and I failed to.
obtain satisfactory resolution with this technique in cushion plants -
The autoradiographlc technique (32P) which was first. success;ully
tested on transplanted plants of D, integrifolia in.the laboratory
.was used to determine active roots in the fie]d in 1972, It yielded
hoth quantitative as well.as qua1itative resu]ts. ‘ AR
It was found that the majority of attached roots are functionalA
and therefore,alive. Only limited amounts of root are produced 1in |

these woody species each year yet they are functiona] for a number of

years. ' , ' ‘ T

S

‘The. estimated root_production values are. inc]uded in\Tab]e 16.

S

" They range from 3 to 5 g 2 for the tota] beach ridge but, are\much-

- Tower for the crest. "f':' ..;f* , , o \*\L '
Discussion

'Standing crop.

At present'there is more information avai]abie'about Stahding
crop of high arctic vegetation but'production estimateS’of-these»remote |
areas are st111 very limited Production data for dry exposed ' -
habitats in the High Arct1c, s1mila\\to ra1sed beaches, are, to our
knowledge almost comp]ete1y missing. - : A o L

Aleksandrova (1958) estimated the total 1iving standing crop of ~



\\ ‘,4'
. k S

-2

~

polygonal moss-herb‘tundra to be about li§“g ;‘m

gt

Later (1970b)

she summarized the amount of aboveground standing crop for High Arctic

Polar Desert and Arctic Tundra. along with that of

(Table 17).° g | P H“;.e_,h,wuwg_; )

other regions :"

)

' Tab1eal7 Aboveground and underground standing crop of moss-lidhen
~ d) and Hoodrush~grass-

polygons (Polar Desert in Alexandra Lan
dwarf shrub-moss tundra (Arctic tundra
Is,) Condensed data frem Aleksandrova

in Greater Lakhov
(1970a and b).

o

<

Ry —
- | ’ USSR Polar Desert USSR Arctic_Tundra

Plant Component o (gm0 (gL mm2) -
Live vasc. plants - "' 35, 582 -
of these abovegroundd ' : .6 o o _
of these belowground gt 511 .
Bryophytes & lichens o123 114

Total Tive aboveground - RE R 696
‘Dead plant parts N [ '379

Total live & dead =~ 319 1075 //

of these aboveground 138 354

of these be]o?ground o So181 821

_.root product1on are troublesome because of ‘the. diffidulty in estimating

Tive vs. dead roots, and in. samp]ing error because
variation in stand1ng crop., Th1s is a prob]em in

studies, In a meadow grown on an old raised beach

Dennis and Johnson (1970) estimate the’ ratlo of belowground aboveground
.standlnﬁ\EFbp to be 18 1 and total belowground livevbelowground to be

6f the spatial -
all vascular. p]ant

(Barrow, Alaska)

Estlmates of belowground standing crop and cons/gu/ntly also of .
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| meadows. vaiues simdla to. that of Aleksandrova (1
“On Uevon Island raised bea;hes much larger ' unt of root

biomass wés found than could: be identified as attached to iiving

P‘“"ts- /The Jratfo for identffiabie (attached) roots to untdentifiable ~

(loose) roots is'7:3,7, Thegautoradiographic technique proyided
evidence that the maJority of roots connected with the‘shoot of woody %,
‘species are aiive while ‘the remaining portion of unidentifiable roots

\ represent de d,root matter, accumulated over a long period of time

(Svoboda .an *Biiss 1974)

~/'4 \\\ Rais d beaches have very Tittle moss and the surface is a “real"

\

ground sur(ace No problem arises in the determination of “ground
surface' ere Nevertheless it ought to be mentioned that the practice
which uses the uppermost moss layer as an. arbitrary ground surface
shifts significatn parts of shoots (often photosynthetizing) into the
;belowground"categorx.anduthu§e§han9¢$“§h§er§§1-r9231§h992_r9t19;wuﬂﬁ"e.
favor the'concept of the "soil surface" as being a boundary between
 the upper living portion of the moss as was suggested by Aleksandrova
(1970a), or the separation of the plant portions using morpho]ogica1

criteria (shoot VS, rhizome or root).

Production :

' There 1s no direct data in the literature dealing with annual

; production of 51mi1ar High Arctic Po]ar Semi-desert or Polar Desert
habitats., Arkay (1972) did seme standing crop and production estimates
in the Char Lake drainage basin (Resoiute, Cornwallis Is., Canada)

which is Polar Semi—desert to Polar Desert in character On gravel

102
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ridges and south-~facing scarp sIopes. shoot standing crop was 40-50

g, m'z, with ca. 8 g , m'z‘of shoet‘production. For estimation of

root production (Rp) she suggests the rnpt shoot ratio (Rb/sb)
assuming that the biomass change per gram of roots (R ) is proportional

“to ‘biomass change per gram of shoots (S )

This assumption can be valid if only 1ive aboveground and live below-
‘gbound portions are correlated, In Polar Desert plants the amount of
’ standing dead in cushion plants can significantly alter the final

estimate RS

~.

Gorchakovsky and Andrejashklna (1972) estimated 40.0 g.m -2 f

above ground production}for.dWarf—shrub—moss-spotty tundra, and |

-2 of aboVeground and belowground proddction

Chepurko (1972) 43.9 g-m

~ for spotted a]pine tundra (e]evat1on ea. 100 m) in Khibini Mountains,
)’

qua Pentnsu1a. Both studied areas® represent low arctic localities.

Rodin and Basilevich (1964) give 0.5 kg . m™2 for the total

standing crop in arctic tundre with 5 g . h*zgof net annual increment.
:Lavrenke et aZ,_(1955) estimated the "gkoss reserves" of the aboveground
végetation mase in placor* zonal plaht communities in’the European

gart of the USSR and Soviet Central Asia to be:

60g.m2 (40g . m2

biomass) in arctic ”semidesert“ (Mixed grass-Dryas

P
r~

annual increase in aboveground

*arct1c semi«desert),

*the term "placor" is characterized on.p. 36



120 g . m-2 (70 g . m% annual increase in above-

ground biomaés) in arctic tundra (mixed grass-sedge

tundra). '

‘There 1s a big discrepancy between both authors regarding N
net”annual_pro&uétion. Rodin's production estimates are too low and -
Lawrenko's too high ;omp&red with net annual production data
presented by other authors.

‘The USSR IBP Tundra research was conducted on four sites,
ma1n1y on the Taimyr Peninsula (72°N). This region is High Arctic
by its geographic position but the 10°C mean July temperature, high
species diversity (ca. 240 species), presence of forest and forest
tundra transitions (Matveyeva 1972) demonstrate its low arctic
character. The same can be stated about the biogeocbenoses of the
"Kola Peninsula (Manakov 1972) ‘ . '

.Table 18 presents data about standing crop and some net
production estimates from several Eurasion IBP tundra sites which
- might be considered as the closest to our studied sites. Datévébe '
compiled from several authors. | |

- Lewis et al., (1972) did comparative studies on plant growth
and proddcfivity at Diskp Islahd (W. Gfeenland‘69°15'N) and at a
subantarctic station on Spﬁtﬁ'Géorgia'(54°17'S); They tested
phytometric species, gelected nafive p]ahté (Phiewn alpimam, Poa
‘glauca, Poa pmtensw, SaZw; gZauaa Betula nana, Dryas integrifol.iﬁ,
Vaceinium ulzgznosum and some others). The authors uéed a épecies
technique qeveloped by Callaghan (1371) which is baéed on thé' 
‘ énalysfs of growth foﬁm and monpbology~of-a particular species. The -

'performance of individual plants or'piant parts rather than the
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biomass changes per unit area are measured. _
In shrubs and dwarf shrubs the age determination and
cateogrization into age classes preceeds the calculation of annual

change in weight using the formula:

t,-t, TR n'usto-tx
Nhere_w] = total aboveground live weight through the growing season
(to-tx); “w = aboveground 1ive wood weight at the beginning of the
season for particular age class; Hs = mean Qeiéht of younger ‘shoot
through the growing season (td-tx) and n = number of younger shoots
per plant for particular age class.

This technique is fairly precise and permits fhe estimation of
production over a long time for a species. It averages production
over several to many years. It is, however, laborious, with less
accuraéy of present ;éar estimates and has to be modified and-adapted
for each species. The method does not easily permit estf;ates of
prodquion per unit area, B

A production study condﬁcted'via individual species has
indiéputable merit in areas with high/yariability pf plant cover,
divers{fy of species and plant types and where productibn is very 1ow. .
The cushion plant-lichen cmnmuﬁty on réiéﬁa beaches is such a community.
quever,.it might be difficult to reconstruct community prbductioﬁ
based on individual plant measurements, pef unit area of ground
‘'surface. ' | | |

The combination of both techniques, sampling for cover and

standing crbp per unit area as well as individual plants with careful
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separation for production seems to be the most effective approach
and this was also to a -large extent utilized in this stﬁdy.

In three consecutive years I found that net production was low
and that it varied 1ittle from year to year, although the 1970 and
1971 summers were mild (mean July temperature 4.1 and 3.6 reSpectively)
and relative1y long (80 days) while 1972 was cool (mean July
temperature was only 1.8°C) and short (46 days).

Of interest is the agreement of net production for-the
neighboring habitats, frost-boil sedge meadow and raised beach ’
transifion. These selected sites (Table 19) actually represent a
topographic gradignt,.with moisture being a 1imiting factor on both
" ends: a deficiency on the Plateau and dry beach ridge crest and an
excess in the wet meadow. > |

The belowﬁround broduction in the sedge meaddws is significantly
higher (50 to:70 g .‘m'z, Muc 1973) compared with the raised beach
(3to5¢g. m'z). Sedges (the dominant component of the lowland's
' ‘meadow communities) show a different ?rowth strategy because they
develop an extensive\rhizone system. Each shoot lives a re]ative]y
short time (3-5‘§£§:: thus the overall turf turnover is faster
Athan in éushion plants on the beach ridge. The cushion plants
remain in situ for several decades "creating" slowlyﬁtheir own
microhabitat and microenvironment. Individual clumps live a very
long time, (+ 100 years). 'Even raised beach sedges (C. nardina,

c. mieandra) show a tendéncy to behave 1ike cushion species. Their
liﬁ}zomesiare‘reducéd so that iﬁdfvjdual shoots grow together and form :
densE'and compact tufts. The survival strategy pf these species is

demonstrated by the convergent evolution, i.e., by adopting structures



“Table 19. Vascular plant net aboveground production.(g ;,mfz),onu .

¥

~ the topographic gradient Plateau - raised beach - meadow

in the Truelove Lowland after Muc

(1973) and Svoboda.

RY -

" Vegetation ty&é

PoTar Desert and Polar Semi-desert

Plateaq

L o
Raised beach crest
‘\josed beach slope

Raisedxbéach transition

L

High Arctic Meadow Complex
Frost-boil sedge meadow
. Hummocky se&§e—meadow

Wet sedge meadow

s

-3 -
;

( tundra )

1om

v

2.0-4.5
4.6

Al

~ 25.6

26.0 ~ -

45.0
42.5 -

1972

12.8

- 18.9

28.9

28.8
39.7
38.5
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typical for the dry raised beach environment. ;‘¢

Community high variability. species-diversity and raised beach

AR S

topognaphical heterogenity did not permit tn:Fuse‘bf simple and at the -
same time adequately efficient methods for determining prodhction

g .
*

For these reasons my production and productivity values are stiil

close estimates rather than exact figures -, ;3. o
: - e c T

Photosynthetic Surface and Pigments
thods

f'J’F‘ - ,

Leaf Area Index: Usual planimetric methods (Kvét and Mavshall 1971)

fail in a Leaf Area Index estimation of cushion species such as
.Sa.:cilfraga oppositifolia, Dryas integrifolia and Carex nardina. The
lTaborious but more adequate technique of Thompson and Leyton (1971)
was used. Green leaves or shoots were dipped first in adhesive -
solution and then covered with smail Ballotini g}ass balls. The
balls form a uniform layer over the whole surface. The gain in waight
is directly proportional to the anea covered. ;‘ ) ‘
Leaf area was measured on randomly collecged green material of
. a particular species at the peak of the grouing seasonaand Leaf Area '
Ratio (LAR, correlation between leaf area and dry weight'of~the leaf)
~w;s determined Leaf Area Index (LAI) for species and the total
community was ‘calculated on the basis of regularly harvested pﬂwto
synthetic standing crop using LAR. LA}\of some less frequent s:eciesci
was interpolated. | o | . x§"
g} gloroghzll Changes in chiorophyll content were followed throughout ~
the 1970 and 1971 growing seasons in Dryas integrifolia, Saxifraga
oppositifolia and Carex nardina. Chlorophyll was extracted fiom green

" ! X
\—
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shoots according to Arnon (1949). and, determined spectrophotometriCally
(Spectronic 20, Baush and Lomb). A1l data are based uPOn five

replicates. The amount of chlorophyll was caicu]ated using Arnon's

> formula:

- ‘ $ ' N
ath = 20.2 x 00645 + 8.02 x 90663 o

Cab (chlorophy11) is in units of mg per liter of solution. Furthbr
calculations of ch]orophyll per unit of fresh weight and per unit of

Adry weight have been made.

o

Results

Leaf Areae \ , ' f

v

The concept of leaf area has a metaphoric meaning in describing

the photOSynthetic surface of high arctic ‘cushion piants. Leaves of

<

these p]ants are very sma;I and have a varietv of forms. For example

e
in tufts (C nardma) rosettes (5. oppostttfolta), cones (cC. tetr-agona)

51n ie leaves overiap to‘such a degree that only a small leaf part i

o 1s exposed to direct light The reduced leaf area is evident]y part

X

-‘of the surv1va1 strategy in Po]ar Semi-desert and Polar Desert habitats

This resu]ts in a smaller transpiration surface which is an imgortant
factor. -inan environment where soil water potentiai for days and weeks
. may'remain teTow -30 bars. It also protects green shoots against
exce551ve heating and in this way a leaf of a reduced size is able to
nnintain tolerable rates of respiration This is important because
‘during the grow1ng season -the 1ight suppiy is continuous, and the
continuous high temperature might seriously damage the plant. Dryas.

however, has a low compensation point (less than 0.1 1y . .min~ ), and



» s . . 3

\ﬂ\\}\,/////maximum net assimilation of this species occurs at leaihxemperatures

of 8° to 12°C, conditjons that prevail at Tow sun angle (at "night\{

m

and on cloudy days (Mayo et al., 1973).

. At the raised beach tntensive site, green photosynthetic parts
represent a minimal portion (4- 7%) oY ‘the total plant biomass, with
“ only little seasonal chahoe.. tAi'is unusua?f§~aow here (ca. 0.1), L
o7 integrifblia’being its main contributor (Tdble 20). Leaf area
: duration (LAD) is low and almost constant (ng, 34). ' '
Sali® arctica is the only woody/specdes,with thin, prostg/te
annual Teaves.i'A‘vigorous'root'system and a small above-ground-
.lportiOn of the plant enaoles Salix "€ renew the photosynthétic *
apparatus every year and to surv1veleven on some crests but- with smaller
. leaves compared with p]ants from other s1;es in the Lowland. Table 21
compare$ three lgaf parameters of &, .arcttca from the IRB crest, dnd

VY
the most favorab]e hab1tats in rock outcrops The d1fferences are

evident. ,
"/A““”Va1ues'offtea?“ﬁrea'Ratio (LAR)‘(Table 20), are an ‘important

\ ecological parameter. In beach ridge cushion pjants they are very
Tow except for s. arctica which is a deciduous speciest Low LAR's
testify to the massive structure and so]idlarchftecture of .the Dryas

leaves whlch are "designed" to sustain them for two or more years and

, to re51st drought frost, and snow abrasion in winter
\
. \There ave been no comparative data avai]abIe}to the author
concerning t:e\lhg\oF];EﬁTa?ctiescushion plants. Dennis and Tieszen
(1977) presented preliminary LAI vaiues\;o;f;o?nt\Barmcmeand Prudhoe

Bay sedge-grass communities, being ca. 1.0 and 0.6 respectively.

Bliss_1970 gave LAI data for alpine communities on Mt. Washington



Table 20. Leaf Area Index (LAI) and Leaf Area Ratio (LAR) of the Intensive Raised Beach Community, 1970 -

2
~

Spec. Total D. ine. 'S.opp. . . C.onar.** . _ C. mis, ‘5. aret. C. .tetr, 0. sp.

—
b ol
—

1. .0864 .0385 .0212 .0)26 .0032- - .0002 .0040* .0036*
2. .1200 .0658 .0200 L0125 .0032 .0008 .0040 .0137
3. .1360 .0740 S ) 4 .0122 . .m .0004 .0140 - .0052
4. 178 .0556 .0108 .0093 . c .0109 : .0248 + | .0011
5. .1235 .0605 .0119 .0063 0164 .0056 h .0107 .0030,
LAR: ‘ : .

‘ AN 9.8 '36.7 2.9 104.0 54.4 142,2 33.0* 40.0
WA 251 o 21.2° 30.3 9.6 18.4 7.0 30.3 25.0
Leaf Area percentage: ‘

100.0 50.7 14.0 9.1 7.0 33 n.s 4.6
LAI=leaf area (w)/ground area (n%) . Harvest 1. June 22
LAR=A (leaf area )/W (dry weight g) 2, Juke 29

] W . 3. Ju;y ;o

LAR A (horo in mg/cat) ' . :: m“ 10.

«

*interpolated values ' ’ '
**total leaf ares surface (in other spocics only half of m tou‘l leaf aru 13 taken for LA!)

4 \

)

Figure 34, Leaf Af'ea Durati‘oh (LAD), ef the raised }beach cémdnity’
and ‘of the three mam species of th1s community in 1970.
&——e total conmumty,o——o C. nardv,na, O~==--0
’;'D, 'Lntegmfal'l,a;_ i 5, opposztv,folza. LAD = change in

LAI during the se'ason.v
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ying from'0.94 in a heath-rush to 3,30 in a snowbank community, -

nities with much‘mOre structure and production than theée on

~ Devon Island.

Warren Wilson (1966) measuréd several leaf parameters on arctic
and non-arctic herbs grown in three Jatitudes: 'CornwalljS"Island'_
(75°N), Jan Mayen Island (71°N), andVOxford (England) (52°N). Leaf

area ratios from two of these sites are presented in Table 22. These

" data show increasing'values with increased nutrient richness of the -

e
o

soil and with decreasing latitude.

Tieszen (1970) measured 43 arctic and alpine grass and herb
populations for "dens1ty th1ckness" of the leaves ( ) which is the
reverse value of Leaf Area Rat1o (W"' The alpine mean %—value was
0.5310.03 g ..dm'z. lhelmean-%-value of-arctic plants reporteda |
previously (Tieszen and Bonde, 1967) was 0.5130. 03 g . dm 2.,
values suggest that there is not a b1g difference between low arctic
and alpine populations in leaf area rat1o but Tieszen s values are

markedly different from our Polar ‘Semi-desert cushion plant values

| A ‘mean K~ratio of 2.5 g . (Table 20) suggests a very h{gh mass

lthe peak of- Tea development

per un1t area of leaf) .

S1m1lar conclus1ons can be drawn from the : l:czslratios given

in Table 13. This ratio as po1nted out above-(Standing Crop section

v in this chapter) ircreases from the Transition Zone to the'crest Zone

of the beach r1dge<'here it reaches an extremely h1gh value (23 l) at

chl orophy11

The pigment study was restricteo'tOfbasic analyses of chlorophyll

These ,

.13

[
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~Table<21: Mean leaf length, leaf area, and leaf area ratio (t SE) for
Salix arctica plants at the Intensive Raised Beach (Crest
- Zone) and Rock Outcrop east of the Intensive Study Site.
Leaf material was collected on.July 24 and August 3, 1974, -

respectively.
- “leaf length 1eaf %rea . leaf aréé ratio2 '
Site - . (mm) (cme/g)  (mg/cm?) -
~ Crest ©17.140.80  129.8416.3 1422 7.0
‘Rdck outcrop | | 24.6%1.42 - 192.3t 2.1 132.3 o 7.5 -

-

Table 22. Leaf area ratios (cm” g']) of Oxyria digyna grown in various
arctic soils in pots at Cornwallis Is., and two other forms
grown in vermiculite at Cornwallis Is., and in Oxford
Ehgland (Reworked after Warren N1lson ]966)

RS

| * Cornwallis Isiand - Oxford
. S . © (75°N) ‘ - (52°N)

Soil: Barren Moist. Poor Flower Manured Vermi- Vermi-

: .sward - marsh-  slope  area . culite - culite

0. dig. - 670,78 75 94 . 101 131 - 176 =
P. crant. - .. - A T £ R
B. rapa o | 139 319
> dig. = Oxyria digyna; P. erant. = Potentilla crantsiti; —
rapa = Brasieca rapa; Vermiculite - non-limiting nutrient medium

o

e



Ah atb and served as a compiementary measurement to the productivity
study. . Absorption spectra of carotenoids are mostly identical with
absorption spectra of chlorophy]is Because these pigments cannot .
| be reliably ermined without prev1ous separations from ch]orophyiis,
"~ and also béé§
pioments was omittedvin the field work. Resuits of the ana]yses,
representing woody plants, sedges and herbsiare‘presented in Figures
35 and 36. | | |

The data show a rapid 1ncrease of pigments after snowmelt which
is fo]lowed by a continuous decrease of pigments per unit weight and
a]so ‘per unit area -—~In both years the trend of seasona1 pigment -
content was very'51m11ar, however in 1971 there was a larger pigment
standing‘crop Beach ridge chiorophyli vaiues did not exceed 3 8
mg . (dry green tissue) in’ curem nardtna, and were lowest in 3
s. oppostttfolw (1.9 mg . '1). Th'is is less than Muc (1974) -
determined for Catex etans (8 5 mg . g )~in meadows, ‘and also 1ess

than Dennis and Tieszen (1971) ‘reported for Pt. Barrow Monocots and

Dicots (ca 5. 0 7.5 mg . g )

In contrast to a Tow but steadily 1ncrea51ng seasonal production,

the course of ch]orophyl] shows a progressive increase to- a peak and

/

then a continuous decline There seems to be a low correiation between

' chlorophyli content and net- production, at least on a community basis. :

i’_ IndiVidual species may show a higher corre]ation

. Ch]orophy]] a: +b ratios differ between the years 1970 and 1971
' The 1970 chlorophyil a: b ratio is higher compared to that for 1971 -

which maintains c]ose to unity during the whole season, and thus ,\_
s

e of their high instability the determination of these'~'

1ndicates almost an equai proportion of both photosynthetic pigment },'
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Figure 35. Chlorophyl] in Dryas mtegmfolza “(m), Sa.mfmga . R
: ' oppositifolia (@) and’ Carex nardina (A) green shoots on the
slope of . IRB in 1970, SoTlid symbols are chlorophyll per .
gram of dry green tiSsue and open symbo]s are ch'lorophy'n
per gram of fresh green t1ssue ‘ , R ,
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This may be caused by climatic differences between the‘years. The
1970summer was cooler, with less incoming radiation compared to 1971.
If this-is the case, we may assume that some of the:measured
parameters are not genetically fixed but plastic and enforced to a -
~-'d1fferent degree by prevailing microc]imatic conditions,
Photosynthetic pigments in arctic and alpine piants attracted
researchers looking for anomalies which might be inf]uenced by

altitudinal ~1atitudinal and c]imatic factors and they have tried

" to correlate the bioiogical activity during the. growing season with

changes in ch]orophy]i content.

118

Bliss (1966) estimated the chlorophyll content of various alpine

communities on Mt. Washington, New ! mDshire , s

\.

Heath ‘ © 0.54 g (1 9 mg.g)
Diapensia . 0.18 ¢ . n2 (2.69'mg ..g7")
Heath rush fellfield 0.62 g . m‘2 (8.38 mg . g )

: Vaiues in parenthesis - mg.. g"'1 of aboveground standing crop are
calculated by the author using the original standing crop data.
Bii]ings and Mooney (1968). postulate that a]pine forms have
liess chlorophyll than arctic forms,of the-same spec1es whether on a
leaf ar a ba 's;or fresh Weight basis, which may be of ecological
/ impﬁrtacce in maintaining tOIerable heat baiance'of the leaf.
B\1lings et aZ s (1971) compared the “Photosynthetic number"

¥

(-gnoss photosynthesis in g CO2 g ch]orophyll -1 . h” ) of a series
of arctic and ‘alpine popu]ationS‘of-Qxygca dtgyna after.temperature.
“acclimation: Cold acclimation increased the dark respiration rates

in all ecotypes. Maximum rates}of‘net photosynthesis were higher

1n arctic ecotypes The authors were convinced ‘that arctic and a]pine o :

- ecotypes of the same- species show not only morphologicai differences

= o st .



but are also diﬁferent'ecophysiologicaliy and thus their behavior is

A
‘. .

under genetic control.

‘ Tieszen and ‘Bonde (1967) and Tieszen (1970) found that after
reduction of light intensity, chiorophyll,per unit fresh weight

_increased in Trisetum spicatum aid Desahampam caespttosa. Popu'lat'lons

of arctic species had more chlorophyil than alpin!'bopuiations under

all light intensities. When chlorophyll content was related to 1eaf

area, there was ng increase with a reduction of 1ight intensity A
Mr

low ch]orophyll a:b ratio of arctic species populations (mean value

= 2. 21) indicated a response to lower light intensity in the Arctic.

’—~—--—~A]pine communities on Mt. Washington (Bliss 1966) show

°

' on an area basis with variations between communities ranging from

1.5 mg . ] (0.32 LE m ) in dry sedge tundra to 8 8 mg g

chlorophyl] a:b ratios ranging from 3.0 to_4.7.;'Tieszen (1970) points -
out that the ratios of chlorophyll a:b are low in arctic plants. His

figures (Tieszen 1972) for monocots and dicots from Barrow, Alaska

(71°N),range from 1.5 to 3.2. This is still high compared to values.

calculated for cushion plants from"bevon Island beach ridges. These -

range from 0.9 to 1.8 for Monocots and Dicots. At both arctic sites

" the Monocots show a higher proportion of ch]orophy]l a.

Tieszen and Johnson (1968), Dennis and Tieszen (1972) and
‘Tieszen (1972) conducted a-quantitative>and qualitative analyses of

pigment structure of arctic tundra communities in relation to aboue-

- ground production at Barrow, Alaska. They found that a high correlation

" exists between chlorophyll content and aboveground standing crop

1

(0 77 g . 2) in Het sedge tundra. In a dry sedge community about
33% of the tota] chlorophyl] was contributed by mosses

&
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There was no significant correlition between maximum chlorophyll
concentration and dry matter production on a comunity basis.
Dicotyledons gkowed higher chlorophyll concentration in early spring
compared to Monbcots. This suggests that different species may have
'different4peaks of chlorophyll and dry matter production which are
not synchronized and therefore lower the 1éve1 of correlation on a
‘community basis. The Mt. Washington (Bliss 1966) and early Alaska
(Tieszen and Johnson 1968) workeshow Monocots have higher chlorophyl}

. than evergreen shrubs.-which again relates positively to photosynthetic
rates,. production, etc.

’ Sestak (1966) sees the problem of apparent non- linearity of the
chlofophy]l content- photosynthetic activity in variability of |
ontogenetic factors (etg;_age of leavgs). The linearity is 11m1ted
by the inﬁerent propef;ies of the plant and by the 1nsuff1cien£
égpérimental procedures‘which according to Sestak are the basic short-
comings of'o]der studjﬁg (Gabrielson‘1960). Sestak found that
correiatioh.is 1arge4} improved if the photosynthetic rates are

related to chlorophyll a content rather‘th;n‘to the total amount of

chlorophy1l.

Chemical Composition
Carbohydrates

Methods.

.
Three replicate samples of Sazzf?aga opposztszlza, Dryaa

zntegmfolza, Carex nardina, Salix arctzca and Pedicularis lanata
' were per1odica11y collected for carbohydrate determination. The .

sampling program including plant parts analysed for the four years

120
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‘extract was taken for evaporation. Dried residue was weighed, and

121

1s presented in Table 23,

Immediately after harvesting the separated and cleaned samples
(without stand 'dead)'were put in Jars with hot 80% ethyl/alcohol in
which a pind‘/z:dﬂazco3 was added to keep the solution slightly °

alkaline and prevent spontaneous hygrolysis of non—reducing sugars

The jars were then heated on a water bath for 15 min, sea]ed and

stored for later laboratory analyses.

In the laboratory the solid plant material was separated from
the solution, dried at 80°C, weighed and ground to pass a 20 mesh
screen. Ground samples (not exceeding 5 g) were extracted on Soxhlet
extractors for 6 hrs in a né”fép% alcohol_soiution. The extract was
then combined with the ofiginal solution, and‘the inso]uble residues

- were dried-and stored or tarch analyses.

The alcoholic solution with the extracted soluble pTant
components was purified by leaf subacetate (Ward and Johnston i962),

filtered and corrected for exact volume. In 1972, 10% of the unpurified\

N
\s

the information'on.the percentage of total extracted soluble matter' <\\>\\\]

wasﬁused to reconstruct the true original dry weight of the sample.

Purified solution was analysed with the arsenomolybdate reagent ,
using Neison S (1944) co]orimetric adaptation of the Somogyi\spectro- :

photometric technique for determination of reducing sugars. [The

' carbohydrate determination was done. in three steps similarly ¥° that.

of Warren Wilson (1954) A '
] Reducing sugars (m0nosacchar1des) - direct]y from the purified
solution k.

2. Total sugars (mono and oligosaccharides) - after mild hydro]ysis
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of the sample by 1 N HC1 for 20 min in 80°C water bath. Non-y,
 reducing .sugars (oligosaccharides) were calculated by subtraction b
- of monosaccharides from the total sugars. ”
3. Polysaccharides (starch) - after the hydrolysis of starch by
a-amylase in insoluble residue, and after new extraction on
So let, and purification. .a-amylase was used for practical L
‘easons instead of takadiastase suggested in Widdowson (1932)
and in Ward and Johnston (1962). ,
A Spectronic 20 (Baush and Lomb) was used for co{orimetric : -
determination of reducing sugars. The 600 nm wavelength proved to have
the largest span and gave the best resolution from several other
waveiengths'tested (50Q,§40, 600,660 nm).
-1

The amounts of carbohydrate are represented inmg . g = of insoluble

Al

residue in 1970 and 1971,.and some both in mg . g'] of inso]ub]e

[ O I

residue and mg . g~ of original dry weight in 1972.
Results N ’ - | ‘ : .

" The study of carbohydrate aetivity is an 1moortant key in
understanding arctic and a]pinq/plant energy and survival strategy ' S—
and in suggesting the degree of adaptation to extreme environmental
cond1t1ons Various aspects ot?their production translocation. o~
storage and utilization are the main problems_studied.v '

Dryaa‘integrifblid: Saxifraga oppoeittfblia and Chrex narding .
show very 1ow levels of tota1 carbohydrate ‘reserves, 1n both aboveground -
~ and belowground organs. Roots store generally less, carbohydrate than
shoots and they show also less fluctuation during the season " By .

(-
(Figure 37). In all three species, carbohydrates are mostly stored 1n

) ~ ‘,"' ' o

~ . —

1)



Miligrams of Carbohydrite/ gram of alcohol insoluble dry weight.

.

Figure 37.

1

Seasonal changes in carbohydrate content. of three species
in 1970 and "1971.
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the form of oligosaccharides. The extremely low amount of mono- )
saccharides and low levels of starch represent a pecu11ar1ty‘of high -

’arctic cushion species which live on a very restricted -energy budget.
The overall levels of shoot carbohydrate ranged from 0.5-3%
in D. mtegmfolw, 0.5- 5% in 8. oppostttfolw, and 3-8% 1n C. nardma

Root carbohydrate values were comparable in Dryas and Suzzfraga. but =

they are significantly Jower in C. nardina. Green photosynthetic ‘ -
parts contain 2-3 times more carbohydrate than 1ﬁving‘brown shoots.

Pedicularie lanata was the only true.herb species tested which
renews the entire shoot every season. Carbohydrate levels (see

Fig. 38) were very high when compared with the cushion species

~
~

. mentioned above. Total sugars rise to 17% in shoots and 47% in roots
(calculated on the alcohol insoluble residue basis). Also the level -
of monosaccharides was re]atively'high Carbohydrate figures

, ;‘adausted to or1g1na1 dry weight showed 30- 35% 1ower values (Table 24).

Pedicularis tap roots are morpho]og1ca11y a storage organ
evidently 1oaded with’reserves and also the(shOots are fleshy,
substantially disstmilar in morphology and growth form with cushion
species from the same habitat. On the contrary, Dryas woody roots .
and brown shoots are hard'and have a very low yearly increment of
reserves wh1ch suggests that the function of roots and shoots is.
mainly mechanical and as water and mineral absorb1ng and transporting
organs. | " »

D1urna1 changes of carbohydrate level were not studied. The’
seasonal fluctuation was very low -in roots but was found markedly
higher in shoots. The mob111zat1on of reserves from shoots is easier

in time periods when the shoots aredsnow-free while roots remain

.
}
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. Table 24. Dryweight oercentage of alcohol insoluble- residue as
compared to the original dryweight of sample before

extraction.
. Reprod. . ; Upper  Lower v L
Species and Date organs Green - brown brown Roots
Dryas integrifolia | -
July 4, 1972 . .75.9  84.3 89.0
July 21 o ~ 56.9 86.4 87.4  85.9 89.3
August 8 : - 63.7 71.1 81.9  85.0 87.1
__ hugust 8 1 63.5  69.2 | 90.3 86.7  90.7

Salix aretica . 4 S _

~ June 21,1972 | . 49.2  75.5, 75.8

duly 7 B 89.6 69.1 72.6 8.3  82.8
July 13~ , 75.2  72.6 77.3 83.5 = 85.2
August 4 - 7.3 - 68.6 72.5 79.7 86.4
August 14 | ©70.0 ° 60.2 72.9 _ 82.5 -85.2

- Shoots o Roots )

| o‘;rex nardina* | 88.4 92.5

Ozyria digyna* " 70.7 " 81.3
"g{\ Pgdicularis lanata* : . 73.2 - 64.5
e ?a‘ | . a \

Baxifraga oppositifolia* . _ - 91.3 95.0

(V)

Green = photosynthet1c shoots
Upper and lower brown = non- photosynthet1c live tops and baseSvof shoots

=-collected on August 17, 1973.
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bfrozen or experience much lower temperatures than shoots. _
Changes in carbohydrate content are regulated by the phenological
'stage, photosynthesis, as.well as being influenced by the actual
-weather and microclimate No significant depletion of reserves has
been/detected innediately after snowmelt but an increase in total
, carbohydrate has been found in the middle of the growing,season Rdot
carbohydrate levels copy to a lesser extent the trend in shoots |
Figure 39 presents information on the carbohydrate content of
suxtfraga oppostttfblta along one particular gradient from the
vTran51tion Zone up to the - Crest Zone Five Sites were sampled,
including late and early snowbed in the tran51tion, lower and upper
" slope, and the crest on July Zz, 1970. The plants in the late snowbed '
were dug out from snow while up slope plants were in successive
phenological stages Saxtfraga plants on the crest had flowered and
seeds were developing (see Phenology SectiOn)

Total carbohydrate content in Suzszaga oppostttfblta shoots

_z
&

LB 4
TRy

‘increased . up slope until“the crest where content sharply declined

There was practically no change in shoot starch levels and very little

| change in root total carbohydrate throughout all phenological stages

" and in all Five sites. . By L T '

" For a proper interpretation of results it is necessary to

, realize that two variables were 1nvolved !.ipe position anhd phenological
' stage Fortunately the information on seasonal carbohydrate ‘change

in S. oppositifolia (Fig. 37) enables us. to conclude that: slope position -
Af determines the overall picture of carbohydrate content more than the

phenological stage. Plants growing in the late snowbed have. the

shortest growing season and cannot always ripensseed On the other :
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v/)/hand the crest, which is. snow-free earliest, penmits early growth
but the Tong period of extreme soil’ drought represents stress of
another kind It is agsumed (based upon the field measurements of
photosynthesis (Mayo'et al. 1973) thatvplant respiration rateStare-'
sufficiently high to maintain relatively Tow. carbohydrate reserves.
Various ratios of’ carbohydrate components for beach ridge
'piants are presented in-Tabie 25. These ratios vary between years
but their overa]] trend shows that cushion spec1es differ from
'arctic meadow species and a]so from Pedzcularts growing in the same
habitat ’ . ‘ | . ’ -
Relatively- Tow levels of polysaccharide (starch) compared with
f_soluble sugars were found in Dryas, Suxmfraga and curex. Reducing
- . osugars (monosaccharides) were also a minor fraction compared to non-

reducing sugars (oligosaccharides), espec1a11y in Carex nardtna

shoots

P@dtcularzs Zanata is very different concerning the quantity I ’_ 4f:>'

AR
-

’and quaiity of carbohydrates Leve]s of so]ubie sugars are 10 times
higher in shoots’and 20 times higher in roots 1n comparison W1th
- cushion species from the crest. The proportions of various sugars‘~\‘\\\
| are a]so different In shoots there are more monosaccharides over the |
maJor ‘part of the_gnow1ng season while roots maintain high levels of
i'oligosaccharides during the entire season Even here the ratio
oiigosaccharides monosacchardies is substantiaiiy lower than in

L
cushion plants.

-Discussion

' }af Carbohydrate levels.” . R '*‘r-t o - { o :.Q\‘ S

A
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" Russell (i940a;b) suggestedlthat-arctic plants produce sufficient

amounts of carbohydrate which excludes any starvation. The growth
controlling factors are mainly temperature and'nutrfent deficfency.
Mooney and Billings (1960, 1965) found high carbohydrate contents
increasing with eTevation in alpine vascular p1ants ‘Fonda and Bliss-
(1966) Warren Wilson (1966), Roshchevskaia and Schwetsova (1970),
McCown and Tieszen (1971, 1972) and~other authors have studied
carbohydrate levels in arcticéand'aipine plants. Some carbohydrate )
values published by various authors are summari;ed in Table 26.

.It is evident that many arctic and alpine p]ants maintafn high
1eve1s of carbohydrate in green shoots and active underground organs
These levels are comparable w1th carbohydrate contents of p]ants from
temperate zones’ and somet1mes are even higher. Limited growth of
cold reg1on plants is not always caused by low photosynthetic rates
 but rather by 11mited uti]1zat1on of produced aSSImilates due to
other env1ronmental and phy5101og1ca1 factors as some authors =

emphasize.

Methodological note: Most authors exonessed carbohydrates -
per unit _of "alcohol 1nsolub1e res1due" ' The rea1vcarbohydrate
percentage per unit of or1g1na] dry we1ght (and th1s is the purpose .
‘of this’ study) may be very different as was demonstrated by McCown
and>T1eszen (1972) and. as can be seen in Table 24, Young ang soft
t1ssue may d1sxntegrate a]most comp]etely dur1ng solution storage
v;and after gr1nd1ng dur1ng the extraction (often ‘there is almost no
jsol1d residue left) wh11e woody parts will res1st disintegration
Not all extracted mater1a]s are carbohydrates The unpurif1ed extract

i‘contains v1rtua1]y the ent1re cel] content (protop]asm and vacuo]e

e

kS
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content). Also much starch is washed out of the tissue.The expression

134

of carbohydrate amounts per insoluble residue hbi on]y;a‘limited value -

unless the original dryweight of the sample is known 50 that the final
calculation per unit of original weight can be made.
b) Diurnal and seasonal change
‘ F]uctuat1on in carbohydrate 1evels were observed by Ru&sell
(1940} and Warren Wilson (1954) on Jan Mayen Island plants.. Mooney
and Bi]]ings (1950) and Fonda and Bliss (1966) described'seasonal'
changes in alpine plants. Arctic monocots (McCown and Tieszen 1971)
howed h1ghly synchronous carbohydrate cyc1es
.. Populations of Caltha leptosepala released early and late from
\snowbeds (Snowy_Range, Wyoming) had the 1owest,carbohydrate 1eve19
(Rochow 1969). Similarly, Butt (1968).and Eagles (1967) showed that
carbohydrate levels depend on‘temperathre and 1ight conditions.
McCarthy (1938)bobserved in Bromus'carinathue growing at 2700 m
" (Ephraim Canyon, Utah), seasonaI changes not only-in soluble sugars
and starch but also in Ievels:of hemicellulose.
.¢) Ratios of carbohydrate components . |
~ Rat105 of water insoluble (starch soluble carbohydrate in
arct1c and alg;ne p]ants are cons1derab1yxlower in comparigon with

p]ants from 10Wer latitudes and elevations. _In threeialpine species

transplanted to an elevation below their normal occurence, tota]

~

o carbohydrate, nann]y starch dropped progress1vely (Mooney and | S

Bl]]tngs 1965). Also Oxyrta digyna transplanted from Jan Mayen
Island (71°N) to Oxford, Eng]and (52°N) showed less starch (Narren
‘Hi1son 1954) Alpine species (Pulsatzla ludovieiana, Curez

elynoides and Iuzula spicata) showed mean starch:sugar ratios of

o 1‘,f

L
w



' 0.39 in shoots and 0.59 in roots (Mooney and Billings 1960). Carex

bigelowii, Geum packii, Potentila tridentata and Vaceinium vitis-idea

gave starch:sugar ratios of 0.38 in shoots and 2.07 in rhizomes

* (Fonda and Bliss 1966). Cares aquatilis,.Eriophoru angustifolium

and Dupontta f%aherm from Barrow, Alaska and alpine Niwot Ridge, }/
Colorado showed only small d1fferences 1n starch sugar ratios (1 71 o~
and 1.32 respectively) for green leaves. ' Starch in all cases was
higher than soluble sugars (McCown and Tieszen 1971). N

On Devon Is]and'meadows, Curexistans had'maximum carbohydrate )
va]ues of 16% 1n shoots and 14% in rhizomes and 5% in roots. Starch:
sugar rat1o was, however, low and constant in shoots (0. 05) but

increased in roots from 0.01 to 1.1, and from 0.2 to 2.2 1n thzomes

" during the season (Muc 1972, ratios calculated. from Muc's original .

data by this author) Beach ridge species Dryas, Saxtifraga, Cavex
and pedicularis show low starch levels (1 to 2%) and almost constant
starch sugar:ratjos over the entire season and ]ow(variation‘betWeen
years (Table 25)-. -

d) Problem of carbohydrate accumulation.

Neales and Incoll (1968) rev1ewed ‘the old hypothes1s proposed

\\\by Gouss1ngau1t (1868) that accumulation of assimilates may inhibit

ne \photosynthes1s of an 111um1nated 1eaf They discussed the work

Warren Wilson (]966) d1scussed this problem in relation

to arctic plants because they are supposed to contain high to very

~ high carbohydrate 1evels wh1ch would exclude carbohydrate starvat1on.

This is not always true. . The carbohydrate levels of Devon Is]and

cushion and tufted p]ahts are yery low. . Russell (1940) and Warren

hS

™~

thors but found no proof that: these two phenomena are causally _-“
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Wilson (1966) based their theory on results obtained on soft herbs
(mainly Ozyria digyna); Though herbaceous‘speejes show relat1vely:
high earbohydrate levels, they represent less than 1%°of the beach
rgdge standing crop. Devon Island oarbohydrate values for Oxyria
digyna were ca. 18% for shoots and eca. 15% for roots expressed per
. unit of insoluble residue " The true va]ue expressed pe;“or1gina1
dry weight were only 12.6% (shoots)‘and 12.1% (roots) uhich is far
below levels critical for photosynthests inhibition. Atso leaf -
temperatures and respirat1on rates are not always as low in arctic
plants as it is still often assumed.
The seasonal carbohydrate f]uctuation espec1a11y in shoots
of cush1on plants does occur, and it is conditioned by pheno]ogica]
stages and the actua] environmental conditions. Peaks of carbohydrate
" follow the phenological sequence of flowering in saxzfraga, Dryas
and Carex nardina. oy
®The overall ratio  insoluble:soluble carbohydrate'is'very Tow
in high arct1c cush1on and tufted species and supports Eag]es J
(1967) f1nd1ng that the proport1on of soluble carbohydrate as opposgd?
to starch increases with lower temperatures The ma1n stored
~component is the o]1gosacchar1des
Soft herbs (Pedwulam, Oxyria, Ponéonum, Ranunculus) show
apparently dlfferent surv1Va1 strategy - because they renew the entire
or a substantial port1on of -the shoot every year Carbohydrate
1evels are relat1vely high here. The limited distribution‘of these
species. on a quantitative basis if puzzling. Most"probab]y this is
due to an 1nadequate adaptation to low temperatures and frost damage

o Slow growth rates and stunted .growth forms of high arctic plants

o
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seem to be primerily ; result of low temoereture" The‘ﬁuirient
deficiency of arctic soils is of no Tess importance but this
phenomenon. namely nitrogen deficiency, is basically aiep a '
temperature dependent phenomenon. Low tembteratures in the s
maintain low nitrogen fixation rates CRnssell 1940a, 5tut;’i9?3)

and nitrogen uprake is not’inhioitediby'ooiﬂ soi1§ as is' the uptake -
of phosphorus by native arctic speeies (Haag 1974). '

Carbohydrate syntheSis seems to function as a continuousiy

running free wheel system where assimilates are produced and consumed

almost at the same rate (on a dafly basis), a system which 1s highly'c;

".inefiioient w1th regard to the uti]ization of the assimilated product
due to the comp]exity of external and ‘internal 1imiting factors

, The carbohydrate reserves of polar Semi desert and po]ar

desert cushion species suggest a 1ot abqut . the degree of. stress}

jmposed on these plants by the Harsh environment They ]ive literally

J rr

“from hand to mouth”. (.

o

Lipids, protein, fibre, nutrient status

L] »

Methods ..

I*]

In the determination of 1ipids, the methods of Bliss (1962b)

were followed. Known amounts of dried and ground material (0.5-1.5 g):

© were extracted in Soxhlet extreetors for six hours. After drying of

P . . N ." !
the extracted residue (90°C) the change of sample dry weight was - -

- expressed as a percentage of petroleum ether soluble fractions (Tipids).

The percentage of volatile, petroleum ether soluble conpéunds'was
Inot determined ‘These . vo]atile,non 1ipiducompounds were assumed to

represent a very -minor fraction of the ‘extract.

2
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Analyses for protein, fibre and mineral nutrient content were

made on dried materia1 harvested on the slope of the IRB at the

beginning, in the middle and at the end of the 1970 growing season;

’/\-
Samples were ana]ysed by the Soil and Feed Testing Laboratory of

— Alberta Department of Agriculture in Edionton by using the standard

analytica ods of the A§sociation of Official Ag?‘cultura] B

Chemists (1955). Qhanti
\

fibre, ca1c1um, pota551um, sulphur, phosphorus and carotene was made

on three species of vascular- plants,- detached—roots, 5011 fibric

organic-matter and on the surface litter. " The plant samp]eS»for A
analyses were prepared from a mixture of separated portions photo-

synthetic (green) shoots, non- photosynthetic (brown) shoots, attached

~ dead shoots and attached roots.

T S Results and Discussion

The results.of 1ipid extractions‘of seiected species are
presented in Tab]e 27. .Lipid content ot crest-tone-piants'was in'
all cases higher than of that ofzpiants growing in the “transition.
Both crest and transition plants show higher lipid 1eveis than were

“found by HuMert (unpublished data) for the Truelove Lowland meadow

spec1es Lipid content of beach ridge shrubs was. higher than that of

overgreen and deciduous alpine shrubs (2. 93%) reported by Bliss (1962).-

Raised beach sedges and herbs show also higher lipid content
than alpine herbs (1. 43%), (B]iss 1962b) and are comparable w1th
11pid values of Pt. Barrow tundra gramin01ds presented by McCown
and,TJeszen (1972). These authors found surprisingly h19h 11p1d

levels at the beginning of. the growing season which indicates that

ive&dete ination of crude protein, crude

138

Dt s

—



1?9
-~

. ew

sjuetd peaqg

0L
— : : St UMIDOLPDI I2aDAD
5. G'¢ unuid]p un138va3)
€€ ™~ €'Y 2z 0°€¢ v110§13280ddo DBDIf27D8
- : W | | wwzmmum_n.
) * s300y umoJag usaJn ymwmaoocm fejol |
0L 071 0L 0L . : ~ sjuerd pesg
) £°€ 6°€ 0°€ L'y 89y L's - . . p110f23180ddo DbDIfIYDS
) . §'§ €6 L6 LY 89 LS . T omeu 2aam)
e G'¢ L'y . 2°'9. . .DIDU T2IDY
§°§ Sy 0. 6°S 9°§ Lt . pe13oap x1708
9°2 572 L€ 8'2 b be. pr10f2ab23u1 evhag
~ . .".mﬁ.m yoeayg nwm,__mm_. \Lsuaju]
s300Yy §o.pm : uaady muoox umouq RUCENDE | wm.pu,mmw_/
uotjLsued) . 35349 . B} .
: | L .
_ P v i
_ "(0L61 “I 3snbny) neajeid pue (0/6L L AL
(9y1) @3tS yoeag pastey BALSUBIUT By} wouy saLoads pajoards awos Jo (2=u °g) u¢mpcou_u.a_§ *[2 3alqel

Q.



o | | - | ‘ 140

fatty compounds may pTay a significant role in metabolism of
growing plants. At present there is, hogever not enough evidence
as to whether the accumulation of lipids at the beginning of the growing
vseason is a consistent phenomenon _
In Table 28 ana]ysed plants show veny Tow phosphorus (ca. 0.08%)
but high ca1c1um (ca.2. 0%) which gives unusual1y h1gh Ca:P rat1o
(ca. 25:1). This is indeed of no surprise in a calcareous beach
ridoe substrate. In-the Transition Zone, sedges and‘nosses
occupied the site of an e*posed old whale skull (Fig. 40);'while in
the Polar Desert near Resolute Bey (Cornwailis Island) saxifraga |

caespitosa became -established on a phosphonus richer old whale rib

-

~—

(Fig. 41). - , .
Protein oontentA(Table 28) was also Tow (éa; 6.0%) inhthe

analysed plants. Levels of phosphorus and prote1n in beach r1dge

species are also lower than amounts of these compounds found in meadow -

se by Muc (1974). Striking are the relatively hlgh amounts

of crude rotein‘compared-to-the protein'tontent of p]antsvin
parfjally ecomposed,‘det roots, 'fibric organic matter and
litter ffhis is prohab{/a:i:dto the pregence of so11 m1croorgan1sms
and 1nvertebrates, espec1a11y Nematodes . _

High content of Crude‘fiber~(ca.,50%) snggests‘the Tow
digestibility of these plants except for their‘gipyte-green”parts.

There is'no-apparent differenoe in the protein;, fiber, end
calcium content in Dryas and S&éif?uga. Suzifrega roots, however, -
show a]most double the amount of phbsphorus conpared with Dryas |
.roots. saxmfraga roots also. show the h1ghest caToric.values of a]l'

D g
species - tested (see section Ca]orlc Content) “Carex nardina has’

-~ . o
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Table 28: Chemical composition and mineral nutrient content of plants, litter and soil organic matter

on the slope of the IRB, 1970

‘Percentage (air dry basis)

‘ - Crude’ o . . )
- - © - - .- Plant Harv. Ssrple . protein - Crude - S - - - -Caroten
Species . " part L mofist. (Nx6.25) fiber Ca B Ca/p K S mg/1b
"Dryas integrifolia Green 1 1.6 6.9 2.6 2.2 0.07 - 32.0 0.07 0.06 0.5
- : 3 5.3 7.4 30.4 1.7 0.1 15,9 0.25 0.06 2.1
5 4.9 7.3 85.5 1.1 0.09 6.7 0.28°, 0.05 2.7
Bromn .1 8.1 5.9 13.4 1.84 0.07 26.3 0.11° 0.07 0.5
3 5.8 5.6 §3.7 1.88 0.05 37.6 0.05 0.06 -
5 5.4 5.6 §8.3 1.53 0.06 25.5 0.12 0.05 -
Roots - 1 7.9 5.8 21.9 1.76 0.07 25.1 0.1 -
: 3 5.4 - 6.1 59.0 1.49 0.07 21.3 0.13 -
5 5.6 6.6 57.6 1.54 0.07 2.0 - 0.07 -
Stand. 1 8.5 5.3 55.8 2.20 0.07 31.4 0.07 -
dead 3 6.4 6.3 §2.9 ° 2.33 0.06 38.8 0.08 -
b : 5 6.3 6.4 " 54.0 2.14 0.06 35.6 0.06 -
Saxifraga oppositifolia Green 1 ND T 5.0 ' ND” 1.90 0.09 - 21.1 '0.18 0.13 WD
: . ) ND KD NDO | 1.43 0.10 . 14.3 0.31 0.13 ND
Brown . 10.2 6.8 15.4 2.48. 0.08 31.0 0.10 o.M
' 3 <.6 5.0 55.2 2.62 0.08 32.7 0.10 0.13
- 5 59 5.0, 51.8 2.46 0.07 35.1 .0.10 0.10
- . ? ol N .
Roots 1. 6.9 6.2 21.9 ~ 2.08  0.13 16.0 0.13
) 3 . 6.5 6.6 55.3 . 2.06 0.11 18.7 0.12 -
o 5 4.0 6.3 . -53.0 . 1.78 o.n 16.2 0.14
o Stand. e .
dead 1 - - 8.8 5.9 13.8 2.70 0.10 27.0 . 0.08 -
3 6.3 5.8 .56.5 2.84 0.09 _ 31.5 0.08 -
5 6.2 5.8 53.9 2.78 0.08 34.7¢ 0.09
Carezx nardina Green 1 ND 5.0 ND 1.90 " 0.09 21.1 0.8 0.13 ND
3 ND ND ND . 0.32 0.24 1.3 0.97 0.10 ND
S ND ND ND 0.60 - 0.10 6.0 0.26 0.06 ND
Brown 3 KD - 3.7 KD~ 0.47 0.05 9.4 0.18 '0.06
: Roots 1 ND 5.1 KD 0.96 0.09 16.6 0.6 -~
; A 3z
' : Dead 1 6.2 4.1 172 1.46 0.08 17.6 0.8 - ¥
: o Plants 3 3.3 2.7 2.3 0.74  0.06 12.3 . 0.07 - ol
) . 5 - 4. 3.2 g 1.08 ° 0.06 18.0 009 -
Detached unidentified ) 8.1 6.7 51.1 . 2.50 0.10 .25.0 0.09 -
roots (0-10cm) ) 3 5.7 1.7 ND 2.41 - 0.09 26.7 0.07 -
: 5 5.3 1.2 ND 2.38 0.0 23.8 -0.10 -
Fibric organic R 6.6 7.4 445 3.14 0.16 19.6 0.12 -
matter (0-10 cm) 3 4.9 8.0 D 3.40 © 0.16 21.2 0.12 , -
] C 5 4.8 9.7 ND - 2.98 - 0.16 = 28.2 0.11
Litter - ' 3 . 57 7.8 - W 282 0.10 22 .0.10 -
© 8 5.7 7.8 KD 3.32 0.09 - 35.8 0.12 -
Harvest 1 (June 22) - - ' | ) KD - No data because of insufficient -
k) zJuly 7) amount of sample material
s .

August-8) ' .+ == traces only
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Figure 40, Buried old whale skuH covered by lush vegetation., Raised
' beach. in the Truelove Lowland 1972. , ‘

Figure a. Sa.mfraga caeapztosa growing ori an o]d wha“l‘e\rib bone near
Resolute Bay, N, N T, 1972 , ‘ '
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:much Tower ca]c1um levels than two other tested species, and its
Ca: P ratio. is therefore lower. Carotene content was determined
only in Dryae zntegrtfblta and is also very Tow. |

Scotter (1972) presented data on the chemica] composition
of forage p]ants (Salw glauca, BetuZa gZanduZosa, Ledum palustre,
Arctagrostw Zatzfolza, and Eriophorum vagmatum) from the Reindeer
‘ Preserve near Inuv1k N.W.T. Only green leaves and twigs were
ana]ysed and they were'not markediy different in. crude protein and

fibre content when compared with values of green leaves of the three

' beach ridge spec1es On the contrary, ca1c1um conyent is ?ucﬁ""'v,f .

1qwer and phosphorus slightly higher in these low arctic species

Ratios of Ca:P are Tow and close to that found in c. nardzna

A

In a 51m11ar area Haag (1974) found 13. 2% protein; 20. 7%

fibre and 0.27% phosphorus in Betula nana ]eaves and 10.3% protein,

. 3027% fibre and 0 13% phosphorus in the total material from the wet

" sedge meadow community near Tuktoyaktuk, N. w T

- In an alpine environment on Mt. washington the protein values
for herbs and shrubs ranged from 15. 3 - 20.8% and 10 3 - 14 9%
respectlvely (Had]ey and Bliss 1964). '

43

Chepurko (1972) give 1. 36% nitrogen (=8.5% protein) for leaves, f,“;,

1. 81% N (1. 2% protein) for non- green shoots, and 1. 11% N (6. 9% _
_protein) for,nogtsgof tundra dwarf shrubs “in. Khibini. Mtn (Ko]a o

Peninsula). In the same area alpine meadow shrubs had ‘ca. 2.0% N

(12.5% protein) in leaves, 0. 90% N (5 6% protein) in non-green shoots

and 1. 6% N (]0 1% protein) in roots.

Vascular spec1es grow1ng on elevated well- drained ridges with

virtually no nutrient supply from the surrounding area ‘may utiiize o
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oh]y these elements which may become.availab1e1a5<a result of'a
direct weathering or as a result of direct depos1t1on in faeces
‘ by an1mals Leve]s of these nutr1ents in: beach ridge soils are
very Tow (see. section on Soils, Tab]es 1 and 2) Meadow spec1es on

the contrary, wh1ch grow in depress1ons or flat basins, may have a

~ certain advantage from the t0p09raphfc-51tuat1on ‘and be supp11ed by

'lrnutr1ents produced ‘elsewhere w1th1n a part1cu1ar watershed These ,
_11m1ted data do not 1nd1cate any pronounced 1uctuat1ons of prote1n
1eve] as is d1scussed 1n Mooney and Billings (1962) Hadley and

. B]1ss (1964) and Scotter (1972). They suggest, however, how 11m1ted

the beach ridge environment is regarding some important nUtrients;

Moreover the‘physiOTOgica] aridity (Sgrenson 1941, ‘Haag 1974)'due to

Tow Soiﬁrtemperatures3may inhibit water uptake by the p]ants and
consequently.also cause both'limited'nutrient‘supply,and their '

uptake by‘plants, .
, ‘Caloric.content
‘Methodé )
Calor1c content wae determ1ned from the dry material harvested
;in 1970. Fine ground p]ant parts (20 mesh) were pe11at1zed and

combusted in an- Automatic 1200 Ad1abat1c Oxygen"Bomb Calorimeter

(Parr Instrument Co. Inc.). Caloric values of cushion species from

the beach ridge were determined for the total shoot as well’as:for'f

‘separated plant parts:. live green, live,browh, ﬁtanding dead and

roots.

o

R 144' N
)



Resultsrand‘Discus$1on

Analysis of the results (Tab]evzg)}(eads to.the following |
conclusions . ' | \
a) the ca]onjC'va)ues‘of PoIar'Semi-desertI"evergreen" shrubs.
(Dryae integrifolia -,-‘ 5259 cal . g-], and Cassiope tetragona -
*"5816'ca1 .°g'1)'are'markedly_highérfthan'eVergreenja]pihejtundra

shrubs . (5098 cal . ]) Va]ueS"for beach ridge Saxifraga |

“

&
opposttzfolta, Care:c msandra and C. nardtna are also h1gher thawy -

| average.flgures for alpinevtundra herbs (4601 ca] g ) found by
Bliss (1962). R | |
b) - roots of 2 integrifbiia and C. ‘tetragona show a'deeline'in
, ca10r1c va\ue at the beginning of the growing season _ |
| -¢) Tlive brokn shoots of all spec1es tested had h1gher caloric
' content than, dyeen shoots and leayes. The degree. of’ 1lgn1f1cat10n
-Vis probably responsible for‘higher ca10r(e values of nobdy’shrubs,
and brown pa:ts of;herbs. | , |
- d) roots of Saxifraga oppbsitifblid show record ash-free ca]oric ;
‘ values (over 6000 cal) for wh1ch I 1ack the explanat1on Even |
h1gher values (7000 ca]) were found by Zachhuber (1973, persona]

commun1cat1on) in roots of S. Oppostttfblza grow1ng at high _ﬁ\h

3
), .

"elevat1ons in the Austr1an Alps.
'_e) Mean ash content in shrubs ranged from 3% (green parts) to 6 5%
_(standlng dead), in sedges 3.6% (green parts) to'6. 5% (roots), and
in Saxzfyaga oppostttfblta wh1ch represents a cushion herb va]ues
ranged from 5. 9% (green) to 13 4% (standing dead). Ash content of
herbs growing on the p1ateau was lower, ca. 1.5% on average -

" Determination of caloric va]ues in plants has a merit in
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ecoldgica] and'energy budget studies as was shown by. Long (1934),

Go]lqy (1961) Bliss (1962), Hadley and B]iss (1964) and others.

~Very 11tt1e or no swgnfflcant change 1s usual]y found in

ca1or1c va]ues 1n relation to the f1uctuation in carbohydrate
,content. Rochow -(1969) stud1ed Caltha leptosepala in tf;::;ff,}w(’———a\\
snowmelt In p]ants wh1ch were re]eased early from a sn nk,

ca]oric content decreased over the season whi]e tota] sugars showed .

constant]y high 1evels.

;'Calor1c content of .plants from a late snow-

“ bank increased during the season.while total sugars remained at a

Tow level.

There is a reasonable conjecture that-the f]uctuation '

-+ of calor1c values during the season may be 1nf1uenced by the building.

and breakdown of hem1ce1]uloses (McCarthy 1938 Roshchevska1a and’

Schvetsova 1970)

!

%’-'f)

A comoar1son of the mean caloric values of Sasz species

" collected in three environments supports the assumption that the

ca]oric content-of woody plants is positivelydcorreiated with the

degree of env1ronmenta1 stress :

Species s cal
dsulix'%érbacea
'saZix uva-ursi

Salix planéfbldd'
Salix aictica‘A

Salix arctica.

4969
4879

. 5106.
5317

<1

4866

Ly

ash-free dwt;

/
. . . ) /

- Site
Mt. Nash1ngton, New

 Hampshire. B]ISS 1962b.

Hummocky sedge meadow
Muc 1972
S]ope, Intensive Raised

- Beach Svoboda (Table 29)

Woody p1ants have generally h1gher caloric content than herbs i

- as.was documented by Bliss (1962b), a]though the exact amount varies

amang spec1es and reg1on
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: Druda inteqribeia:' A Dominant Cushion Spectes on Raised Beaches

Dryas clumps as a micro-ecosystem

The jnformation on Dryas phenology;fgrowth.‘productivity energy
and nutrient content 1s presented 1n'previous chapters '

Porsild (1964) characterized Dnyas tntegrtfblta as "an
‘'ubiquitous pioneer species on frost heaved, ca]careous, gravelly
and rocky barrens and in the western islands probab]y the most common
and widespread: phanerogam '

Not much has been done on Dryae‘autoeco]ogyuaside from the
‘Devon Islandfbroject and this chapter should not substitute for.such -
a study it contains, however;'information put together with the
: intention of using Dryas as a representat1ve "pars pro toto" species | -
of the raised beach connmn1ty“ ‘ .

Dryas tntegrmfblta was chosen for model]ing purposes by
“whitfield (1973) because its clumps behave Tike a micro-ecosystem
where the growth and decaying processes occur in sttu, where microf]ora
- and m1crofauna increase with the grow1ng and expandiqw clump, and
where\so11 form1ngaprocesses occurgmuch more under the clump than ”
betweeh clumps. In this respect, a Dryas p]ant appears to be a sem1~
c]osed ystem, wh1ch absorbs nutr1ents as- they are ava11ab1e from
the veny'11mited surrounding sources. It holds and most probably
recyc]es ometof these nutr1ents as re]eased in decomposition ’

 Dryas integrifolia is the most characteristic species of the

Po1ar Sem1\desert community, but there are almost barren ridges 1n :
other Devon\usland 1owlands (e.g. Sparbo Hardy Low]and) where Dryaa

is on]y a m1n?r component or is absent comp]ete]y This is probably
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due to some edaphic factorsA(Dryaa 1s~a calcareousrsoll lovino plant),
.or 1s due to sltes notably exposed to winds ) _ ) 3
A In the Truelove Lowland raised beach complex, Dryas is the
Qdominant species. It comprises 47. 5% of the Grest 77.7% of the
Slope and .70.5% of the Tranijtlon Zone standing crop on the IRB. |

Dryas seedljng establishment ls>a rare event, not completely
understood yet Very few small Dryas plants*have been found and -
even these areyusually more than twenty years old. There is a high
probability that new plant establishment occurs within old clumps,
as was observed by the author in suxzfraga A seed germinates and a
vnew seedling gets establlshed in an already existing mat of a |
partially dead plant clump. There is also a certaln potential - for"7:;?
vegetatiye reproduction of_mechanically destroyed plants. Two or ’
“more new clumps can develop as“aﬁresult'ofian old clump that \
dlsintegnates in the centre. |

A Dryaa clump is green only on the surface - 01d. leaves which
finally d1e rema1n attached and after years they become part of the .
clump core and decay in actu. Nutrients released are leached.down’ -
. to lower strata and may bevabsorbed againapy fine roots which develop
in the decomposed and humified Organic matter above the sdrrddnding
ground\surfaceb We belleve that this process also operates in other
cushion species o% the-high Arctic yhich“slowly accumulate the
necessary nutrients for growth,'andvcreate from a'sterile and purely
] mineral environment, a bioenvirgnment ' ) B > ' ig |

. An attempt to schematize the plant 5011 decomposition system )
represented by a Dryas cushion’1s “shown 1n Figure 42. Microflora

and m1crofauna. presént in and;fn dead but still structured old
£ .
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Figure 42. Diagram of biomass distribution-in a Dryas cushi
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v

. plant parts, mainly leaves, are the first level energy sink. The
second level sink represents the humified material, where the

rema1n1ng energy is stored
There is a gradual transition between the structured and totally
hum1fied organic matter 'in the cushinﬂ F1gure(23 shows the distinct
_vvert1ca1 stratification with1n a Dryas c]ump One can distinguishr
several‘d1ffereot]y colored layers of dead leaves. These 1ayers or

strata are of increasino age and an analysis of their carbonydrate

?'_and caloric content Sshows s1gn1ficant changes over time (Fig. 45)

“ Jhe uppermost“?ayer is formed by green Jeaves wh1ch Tive for two
seasons The dylng 1eaves become yellowish brown and form a thin
sedond Iayer Leaves rema1n in th1s cond1t1on 3 5 years before they
) turn gray. The gray layer is usua]1y th1ck and 5-20 years old. The
urcomplete1y leached and carbon1f1ed/;eaves form a black Tayer of
;undetenmfned‘age The 1ast two- ané the black d1s1ntegrated and the
Tdark brown humified Iayers Based upon mean shoot 1ncrement per
ayear and mean shoot legnths, many c\umps are 80 to 120 yearﬁgold

A11 parameters measured sh wed decrea51ng values with age E N
.and 1nd1cate the rate of - decomp sition and energy 1osses from the ;k v
core of the clump. The most dnémat1c sh1ft is the loss of carbohydrate
' fromﬁieaves as they die. Leaf/we1ght and calorac changes are much

' slower (F1g 45). ‘. /
5 Phe.organ1c m&;ter has also its microclimatic s1gn1f1cance
It works 11ke a sponge wh1ch absorbs and halds water long after the

: surround1ng area dr1es out It also buffers the. f1uctuat1on of .

5 temperature, mam]y‘ by reducmg daily maxima.. - o |

A]] b1omass wh1ch was formed dur1ng the Tife of the p%ant is- ‘-



Bl

Figure 44.

o

Sicle shaped Dwyas clump growing on .an exposed ridge w1th
prevalllng NW winds. 1972..

154
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sti]lfpresent as an inCOrporated standing dead. The nonaeombustible .
(ash) content increases in older strata. A1l these suggest that the

. plant can,‘at 1east#partia11y, make‘use of tne products pf disinte- o
:jgration of ifs 6wnﬁparts‘as indeed any closed stand of vegetation

-

does.
Asymetric growth of Dryae clump and'its leaf angle orientation

"Leaf canopy and’ arch1tecture in re]at1on to Tight penetration
and photosynthes1s has been studied by warren N1lson t1965),

Philip (1965), Pearce et. al., (1967) Kuro1va (1969), Doug]as and
Ramsden (1973), and special dev1ces for leaf angle measurements

g e““%onstructed by Kvet et al., (1967) Whitfield and Svoboda

havé:
(1974), and others.

Methodsi

Leaf ang]e measurements on Dryas zntegrszlza c¢lumps were made
with a special devxce des1gned by wh1tf1e1d and ‘Svoboda (F1g 46)
A p]ast1c protr&ctor was 1oose1y hlnged to the p01nter man1pu1ated
by the researcher in the d1rect1on of 1eaf growth. The 1eaf ang]e
.orjentat1on to-the horizontal p1aney§§n be‘read d1reet1y on-the o
protractor. The compass orientationeof the leaf is pointed by the i
:handle of the dedite and read on thev"clock? established aro:md the’ ’
'c1ump'(Fig. 47); The'comnass nrientafion was recorded in 12,c1as$es
: (i.e._l? hdurs; 30° per class). aThe 12th hou} represents North.
' | Eacn Dryas'p1ant was dfvided ing?_fodn'90° compass'segments.
A totaj of 150 1eayes were randomly_measured‘in each segment and
i recorded. Slope.orientation, size and_heijht of the clump were a1so}

>
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Figure 46. Leaf angle dev1ce de51gned for measurement of very ‘small
1eaves : : v



_ Figure 47,
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Leaf angle measurement on a Dryas cushion.. S T

Figure 48.

-

Hemlsphencal Dryas: cushion growing on a barren rock 1n “the
Truelove Lowlavﬁx1972 © o

.
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) S
recorded for eventual correction of the.obtained‘data// Leaf angle

»

measurements were conducted in two plants growing on the crest and on-
i .

one plant in the trans1tion of the IRB.
Results

Wind ve]ocityvtncreaseS'above the”ground.surface This and
the lack of . deep snow cover dur1ng winter confine arctic plants to a
very' shallow spat1a1 n1che and keep them low in growth form. Even
in this profile there are not1ceab]evd1fferences in wind speed between
‘the windward)stde and lee side tb'which the plant is'sensitdve and"
reacts by its growing in a leeward direetion (Fig. 44 and 49).

Measurements on three large plants supplied the follow1ng
information on the uneveness of Dryas'c1UMP growphf The clumps were
divided into fourvcompass‘geaments, eaeh segment wtth'an assumed
theoretical chance to be covered fu]]y‘(iﬁe.:lod%) by green leaves.

-

The actual green leaf coverage was far below ‘the theoretical

expectation, and was different in each compass segment (Tab]e 30).

Table 30. Percentage of segment area covered by green leaves.

o

‘Raised Beac Zone - . .
: , Crest : ansition - Mean of
Segment Plant 1 Plant 2 Plant 3 Mean two segments
North - . 84 .2 . 60.3 N 703
TEast... . 9 n - 92 84.6  NE S 2.8,
South - 87 85 97  89.6 SW . 84.6nrar
 West . 85 83 73 80.3 SE 87.1 * .
‘; . . : . —— ) _ . -
: o & o e

Leaf and shoot samples collected from these four compass
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segments of the plant measured for 1eaf angles in‘the Transition
Zone show (Table 31) 1eaf length and re1ght were higher on the
exposures, favoring h1gher temperature and perhaps lfght
The growth form of an ideal Dryae clump is hemispherical
(Fig. 48). In rea]ity,‘onTy.clumps on soil hummocﬁs, rock outorops
and some in the mesic Transition Zone achieve thts growth form;
sites that have adequate winter snow cover and protection from winds.
Dryas clumps on the crest and slope are flat (F1g 22). “'WDryas
the chance to survive is associated with the possibility to form a
cushion. Dryas clumps show a‘considerable variatjon in cushion shape,
growth rate, leaf size, green leaf cover per unit area of c1ump,
~and leaf angle orientation. On exposed localities, clump growth
follows the predominant'air streaming near the ground and this may
be d1fferent within a smal? area. F1gur?:z? shows a sickle shaped
‘Dryas c]ump found on Rocky Point where the cold NW wind from the
frozen ocean st11] prevails in_July. A1l clumps grow in a SE
direction here and die on the opposite side. Figure 49 was redrawn

after Warren Wilson (1959) in order to demons;rate the effect of

»

‘wind on the plant c]ump

o

\

windwafd side

Figure 49. The wind speed near the ground and around an exposed
‘ plant clump. Redrawn after Warren Wilson (1955).
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Table 31.° Mean length (mm) and mean -dry weight,(g) of one green Dryas
. leaf according to its position on a Shoot in different
compass segments of a clump. Each number is a mean of 15

measurements. q
: Sequer}ce of..leavés on a shoot . Total green .

Segment . 1 .2 3 4-6 shoot

Length (mm) . _ .

North 4.4 7.3 91 - 0.5

East 6.6 2.7 12,3 157

South 6.6 13.4 4.6 16.7 :

West 5.8 0.8 12.0 152

Dryweight (g)

Narth 0018 - 0052 0071 . .0104 01253 /
East .0026 .0087  .0086 0138 .01425

South .0033 © .0096 019 .0169 . .01776

West 0033 ..0072 . .0006 *.0174 w< - 01503 -

o
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in tnis‘étudy 1nformation'about 1eaf canopy and 1eaf angle

Qg\rates

'thered in order to exp1a1n whether a Dryas cushion

mp]e hem1spher1d%1 surface with its small leaves

dlstributed randomly, or whether leaf orientat1on s non -random. ABy“

changing leaf angles the platn would contno] the exposure of its

foliage to direct radiation. )

One big hemispherical Dryas cushion was measured in the .

Tran51t1on Zone and two other f1at Dryae plants were chosen in the

Crest Zone (Tab]e 32).

."r
Y

—_—

Growth parameters of three Dryas cushions from IRB

total ared ()

Table 32.
, Crest Transition
Parameter Plant 1 Plant 2 Plant 3 . - -
Ltength x width
x height (mm) . -440x250x40 430x270x35 500x360x140
Predominant clump , S :
orientation NW-SE NE-SW N-S
\Tota] area of ' .
\c]ump (cm2) 850 1166 1413
Covered by_green ,f§y . ’ h P
Jeaves cm2§ 740 (87%) 902 (77%) 1049 (74%) -
Percentage of "N 84 (21) N 71 (18) N26 (7)
green cover in” . §87 (22) S 85 (21) S 97 (24)-
~each segment, - E 91 (23) E 72 (18) E 92 (23)
* and from the W 85 (21) W84 (21) W73 (18)

Figure 50 represents a graphicvi11U§tra§jon of ]eaf.angle .

orientation in four- compass segments on a hemispherica] bryas'clump'

~ from the Transition Zone.

The majority of leaves grow in a radial

o’



163

¥ . e

d1rection in all segments.,wThe sfze of ind1v1dua1 leaves and their i
total cover 1s different in each segment (Table 30). ’

Although leaf angle orientation visually appeared to be almi;t
random, the measurements show that most of the. leaves which grow in
the clump are oriented in the range from 10 to 30° to the horizontalv
p]ane,g Leaf a21muth orientation was strongly influenced by the
compass orientation of the particular segment."In other wordss new
shoots‘grom in the direction of an available space but 3t different
rates in each compass segment.

Two other clumps were measured on the crest of the IRB. These
clumps were flat and only 35-40 mm.high; Figure Sl»shows that leaf
angle orientation is more evenly'patterned and that polarization to
‘margins is less pronounced compared to the‘Dryae.clump gnowing in the
Transition Zone. There is a sliqht tendency of'leaf azfmuth orjenta—

tion in a direction io the open space. The dominating leaf angie

orientation to the h-- izontal plane is 30 to 50° in all segments.

Discussion .

s

Results of Dryas leaf angle measurements lead to the following

2

conclusions: -

" a) ‘majoriém of 1eaues aré orientef in an angle ranoe whicn is close’
to the range of the noon sun's’angie of incidence in summer for‘this
latitude (37°31' above the horizon at noon June 21) Such an 1.3
-_orientat1on may substant1a]1y lower tne d1rect exposure of sun- fac1ng
leaves to the sun rays, and on the other hand it may slight]y increase
the_111um1nat10n}of sun deflected leaves. On a hem1spher1ca1 surface.

leaves on the sun deflected side will shade each other more than on
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FigurefSO. Leaf distribution -and leaf angle oriéntation for a Dryas
- integrifolia clump, Crest Zoney 1972. ’
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the sun facmg s1de and thus they may tolérate h‘igher ‘”Wﬂnatlon f‘?“
(F1g 52) e ’ . R 2 5 ‘
. | L }f 5 |
C ”4' : s 4 ) ' ,'r,v - - ‘ & "l”; d o
S N el N
Noon sun (37°) =~ U4
r .: 2 2
- Midnight sun
' W — oL
q‘ . . : R I
. clump ‘,' ‘ —~ o L %,

Figure 52. The ang]e of sun’ rays 1nc1dence during noon and midnight
' « on'June 21 in relation to thg horizontal p]ane and a

. ) hemispherical D'yds clump. . o S, I
. - ) ! . q
Q . *‘ . “f : ¢, ) ,_Q, [

. I ; W hght O
b compensatwn pomt and w1‘v_ kn eopth‘m.ilm rate‘ ofenet photosygesrs /d
Lo durmg the »-'mgh»t"'and on c]oudy days {Nayo et al 1973) The | o & ;
?‘\-"“‘K d1rect and ffu,N exposure‘bf Dryas leaves wou]d 1ead t;ol a potentlalk o & v
L

~'J‘mtolerable r1se in- 1eaf temperature and therefore to’ hi’gh resyratwn _'

? " rates On the True]oVe Lowland "mghts" and c]oudy days donnnate S @

- \\over SUnny days du:mg the ;;rowmg season. . T § f 0 _/' .
The: 10 to 30° leaf arrangement in the Trans1t1on Zone and ' o |

i30 to 50° 1eaf or1entat1on .on Crest\ zone tlumps tan- therefore be o . o

f, ”"mterpreted as a nEQatwely sun or1ented or a poéute}_y sky or1ented s Q

14

arrangement, an adaptatloh wh1ch enabies the p]ants te’mimm‘ize leaf
Sy : .

o o

t»'d».
IR
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R exposure to the d1rect "hot". sun beam and tq retain exqosure to a,

"coo]" d1ffuse 11ght§9 - o ‘f*?_
-
Viereck (1966) and Lawrence et gl.,. (1967) strbss ﬁme role of.
Dryaa dbumondtb and D. integrifolia in the initial 1nvas1on and

p1oneer stage of the grave1 outwash vegetat1on 1n,recent1y deglac1ated SN

~areas in A]aska They rap1d]y itab1l1ze the ground surface and

enab]e the 1nvas1on of other dependent spec1es The soil und@rgoes S,

¥
' rap1d changes due to organlc matter accumulatlon and n1tr0gen ftxat1on .

’ creates a

\'_ - of 11t r accumu]i@aop%uﬁéer the cush1on of arct1c plants. ]It,' :f -

: surface temperatures It ma%nta1ns @ 1arge'aboveground b1omass in. wh1ch

“l‘

-via nodu]ated Dryas roots is cons:derab]e Dryas speeds up 'the rate
of success1on 1n thesé areas by a per1od of 20 30'years '--"“'
Id the True]ove Lowland Dryas is not a nitrogeﬁeflxer (Stutz

3973), 1ts role ln huM1f1cat1on howeVer, is important because - 1t;
By

v uq;abie mabroc11ma&e fq; the n1troged‘f1x1ng bacter1a
, ¥ LRSI Y
Aleksandﬁﬁya (?97Ba) aﬁd T1eszen (1972) empha£§ze the 1mpnrtante

b -.4,\)“

A

prbtects the basad m%p1ztEms and enab]es young shooﬁg of some spec1es .

‘a FON VJ "_.!‘9
to startqphotosynthe51s short]y after snowmelt In summary it 1s

£
“

pd§s1bﬂe tdlstate that D tntegrtfblta is a representat1ve spec1es of

I

fava11able soil mo1sture ang nutr1ents and w1th re1at1ve1y h1gh so11

O

‘the. Stand1ng dead seems to be h1gh1y functiona] as a m1croc11mat1c . -

Ay

agent and supp]ementa?y nutr1ent pool It has a smal] but long 11v1ng L

root system and sma]l‘photosynthetlc surface w1th 1eaves des1gned

.,,u D

to 11ve for two seasqns" These adaptat1ons enab]e Dﬂ?as to’ grow in

re .

', stér11e calcareous substrates that are re]at1ve1y dry and warm, There ' ,ﬂa ; .

I
et . _ Lo - 0
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».,\

- is 11tt1e if any i dicat1on that other spec1e§ are better adapted to.

‘replace 1t over 1me Therefore, it does not play thefrole of a~

successional speZ

“~and alpine envir nments.

k)
-
£
g

G
any

ies in the High Arctic as 1t may do in southern arctic o

168
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?Raised beacheSohave been convenient for community;and
‘4 productiqn studies‘within the Arctfc for three mafn reasons. 'They'
~ exist as dwst1nct Iandforms of§?1m11ar and easi]y defined structure,

“their age can be determ1ned’ they conta1n zona] soil A;%tic Brunisdl

9%

(Arct1c Brown),}and they p]ay a key role in the b1o]ogica1“funct10ning '

: Lof these high arct1c ecosystems. In Truelove Lowland

v ﬁ_ raised beach 1nﬂéﬂudé§ a vegetatlonal cont1ngum start1ng

w1th a more densely 1nhab1ted trans1t1ona1 .zone and end1ng often in Y
& . . . [ ) s ‘
barren Po]ar Desert-11ke crests. ; C.

Regarding methods used in thls study there are techn1ca1

prob]ems, not yet comp]ete1y solved, concerning : product1on est1mates e

2

N of perenn1a1 dwarf shrubs. ~ Extremely 1ow annual growth of Dryas 4 . i&e

zntegrtfblta, Saxtf?aga opposztszlta and otheY spec1es and the1r '

kS “,

;q
heterogepous d1str1but1on make the usual method hﬁﬁregular quant1tat1ve

Sy g

;&harvegtwng%pe un1t area of 1itt1e %SF (Andrggs et aZ 1972) un]ess

th1s method is comp]emented with the productaon esttmates “from
E R S R R

X 'r

g 1pd1v1dua1 species. - “ N ; . B . s e

. -

Warmer temperature near the ground conf1nes shoot;,and roots

;of these p]ants to. a very narrow spat1a1 n1che, denyfng them the ) .
t .

rposs1b111ty to extend in both vert1ca1 d1rect1ons 'Near the ground, -

-

xthese p]ants experience h1gh temperatufés durtng sunny" days which
often Jmposes other stresses on them because this st1mu1atesvthe1r-. . - “@

"water demand and 1ncreases resp1ratory rates In dry habitats}‘due ;
‘- ’

to 1ow ava11ab111ty of water and assoc1qted 1ow ava11ab111ty of s
nutr1ents, xeromonph1c characters develop. demonstrated by low ™ .. 9

AN prote1n and h1gh f1bre contents, ‘and th1cken1ng of the cut1c1e as .

«

-

......

-
. " .‘ " ;. .t‘
o s . b 2y
. ¥ o
- -
. E
‘ oo . -
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5

found in the Low Arctic (Haag 1972).

* On ra1sed beaches the pheno]og1ca1 pattern of Dryas sets the .
“overall community ‘production pattern because this is the_dominaht
soec{es, 48%lby cover and 75% by biomass. It uas for.these reasons
~ that Dryaévintegrifblia was‘chosen as representative of high arctic
- cushion species‘for further intensive study.
' The cushion community (except for a few non-cushion spec1es)
Adoes‘not produce.free Titter. Dead organs (gﬁso leaves) stay ‘

attached to the stems for many years and even decades.' Th1s'resu1ts
in a. specia] abi]ity of a‘Cushion plant to protect . its grodﬁng s
’3 - N
po1nts (Sav11e 1972) and to 1mprove greatly the m1croc11mate 1nside
AR

the clump w1th respect to h1gher température moisture, m1crob151

, actmu1ty and mineral recyc]1ng in a semi- c1o§ed system A]though
/
_ there 1s a]most no litter: accumu]atgon on the surface of:the r1dge,' 5

.

- the A- horizon contains more organic matter than me can reasonab],y -
ﬂﬁﬁtt 1n rehatxon to the aboveground b1omass. For examp1e,‘ )
f ( §hamur1n s (1972) data from Tareya spotted Dryas sedge-mossy tungra'g“_

S .w

o !ﬂgws the vascular pTant root shoot r.
P

apparent?y drger hummocky Dryas sedge-

anﬁ those from

; ndra, a root shoot

ratio of 36 7 1. It-1s hard to be11eve that 1 unlt of 11ve aboveground

-

b1omass can nour1sh 17 to 36 units of underground organs espec1a11y
Y

whéﬁ)the photosynthet1c :non- photosynthet1c rat1o is low. It is

apparent . that most of the underground b1omass 1s dead (as are’ most

-

- of the~shoots) “Because of eXtréme]y 1ow decompos1t1on rates 1t is ©

-

-f

'~$§ accumu]at1ng ' "underdround 11tter“' _ .', | S T

: /
- ' Spec1es d1vers1ty, cover, standing crop and prod“et1on values

~

are,low to verx Tow on ra1sed beaches " The eff1ct!'%y of 1ncom1ng so]ar
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“and nutrlent limlted Po]ar Deserts and Sem1-des¥rts are a]so

‘ and fert111zer éxper1ments (seeyp 176) and from the comparason w&t@
£

¢ 1nd1V1duaTs of the same specres growing in- a morb“favorab]e Polar T

‘ Sem1 desert hab1taf& Th1s 1ntroduced quest1ons about the1r surv1van‘-

- POtENtTal ‘degree ot adaptat?on and ways of reestab]fshlng plants in ':y
o » DA ! s
- a quasgéc’ésswn R

‘m01sture 11m1ted systems : Po]ar desert plaﬁfs &*ve in cond1t1ons which :

17] »

energy ut111zat1on is. only 0.3-0. 4% n July and only O. 1% in ear]y
August Carbohydrate reserves (1-5%) as~we11 as protein (5 6%) and

" nutrient contents are very 1nadequate even when comppred with plants

'"‘

from 1ess unfavorable arctic habitats. All these features of these
cushion plahts make detailed ecophys1o]og1cal and. genet1c stud1es d""_f R

of great 1mportance 1f we. are to understand how these spec1es are. \;v

’adapted to these extreme po]ar environments ' L - ' _:n_jy‘i,'
d : f L
In compar1son w1th alpine env1ronments wherghplant 11?% s _iy : 'vﬂ Toa
strong]y contro1]ed by high fluctu%ﬁwgns in température (Bliss ‘19M) ot o

and for examp]e w1th Ir1sh b1anket bogs which are §enera11y nutrient

11m1ted (Moore 1970), thf hlghrarct1c environﬁeﬁt is both temperature 4 | f

‘seenggo,be far below the1r opt1mum This foTﬂows from the greenhouse

o )

‘It seems ‘that some populatﬁénS'which grow in extremevpoiar

" _habitats where they are exposed to most v1gorous env1ronmenta1 stresses

'are not fu]]y se]fsusta1n1ng They very probably depend on a : ;i ) Q!ﬂi?t'#
v DA : o S
: resupp]y and re1nforcement by seed from p]ants groﬁﬁhg )n mdre “éﬁ”?f o

| favorable habitats, somet1mes qu1te remote.' These_exposed plants

.

%
3

. . . . yorr , . v
can be viewed as species “messengers" pioneering in areas where the
spec1es cannot fully survive on its own. o

These "marglnal" popu]at1ons whose ind1v1duals are “relatlver

r,‘

. sparsely d1str1buted nd show effeets of phys1o]ogical stress

S * ’ . P ' P
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' )
’

: Soule 1973) are closest to ext1nction but may alsc\oe considered

‘the plateau Most of the sma]] herbs wh1ch accompany ‘the d Tnant
-:spec1es in the most favorab]e s1tes are a]ready rare on crests
, f‘-do not d‘sappear completely on p]ateau Hutch1nson (1959) postu]a as.

'}*°'; that "1n areas where the fundamental product1v1ty is 11m1ted by short.
o IP' v -

zgrow1ng seasbn theVrare spec1es in a commun1ty may become so rare -
-

hﬁ'that they do not ex1st" Although Hutch1nson s statement treats rare

e

;irf spec1es mere]g;asea s%atlst1pa1 event of certa1n probab111ty (there J’fiw.
"‘;/515 no dlrect causa]ity between Iow commun1t product1v1ty and absence '
o ,~ of 'rare spec1es) 1ts pthedictwe‘ Va]ue is h1§ and can be vahd]y
4qma vapphed to the who]e‘raised beach grad1ent.except for the plateau
’ ﬂ’ Here Dryas’and Saizx are bresent on]y a]onglthe plateauredge and the ;
, ,fprbs, oPapaver radwatum;”C‘erasthn aszn%,Saxzfraga op°poszt1,fol7,a |
‘ .and few othrs contlnue to- the very edge of the jce’ cap., ‘xj '

‘$ Margalef (1963' 1969) suggested the product1v1ty blomass ratlos
u;.;;:das an\"1nverse" 1ndeggpf d1vers1t¥¥y Under ‘non= 11m1t1ng cond1t1ons “

s1mp1e ecosysfims such as start1ng Success1ons or man regu]ated ' ,

- crop fields are the most product1ve, so that the inverse corre1;t1on o ,

betw§Zn product1on~per un1t biomass and community dtser51ty is very

c]ose "In the True]ove Lowland Marga]ef s theory can be reasonab]y

app11ed to meadows, rocﬁ outcrops and raised beach trans1t?ons

' ' Meadows are 1ow 1n species d1vers1ty but much h1gher in productxon

f,
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B than rock outcrops and transitions with higher species diversity
.Polar deserts and Sem1-deserts “however, do not fit such a
scheme Commun1t1es of these systems aswnpy be demonstrated by the
cushign’ plant-llch:h comm=n1ty are déﬁeuperate in both spec1es
:%?ersify and biomass and the1r produ tion is hardly measurable. The
turnover rate wh1ch can be claracter1zed as energy flow per un1t
| b1omass 1s also extremely low not;only because of Tow production but
‘ even: more because of slow decompos1tion These factors have most
probably cond%ahgned the.usefuloprotect1ve adaptat1on low compact
cushion (Dryas zntegmfolw, Sax—z,fraga opposzttfolw, Silene acaulw)
and the dense compact tuft of sedges (C. nardina, c. mmaandpa). .
C 'hccording to Margalef'11963) succession'isAan exchange of ‘: _-f .
“%fj‘present energy for future biomass. On raised beachis there is‘so |

Y Tittle accumulat1on of organ1c matter that any attempt:to apply the -

Margalef s rule means to put the success1onal process on a gedlog1calff

%

R..@

time scale 7;',& : . »j_. S o ,wﬁ -y 7t
‘ esstﬁn 1nvolves three stages 4 ‘q &
-xf’ 0 v

Theoret1cally every pr1mary,$

Propagules B o f., ;,f '%’,”f?ﬁi' R p »Arﬂf S R
b) stand" format1on and bu1ld up. of a "cr1t1cal" standing crop ; e
Habitat m1crocl1mate improvement and 1ncreas1ng‘compet1t10n are o ‘,’. : l~‘-
;fl f1nally dlsadvantageous for most of the pr1mary 1nvaders themselves. | ; t#ﬂ '
c) some of the or1g1nal 1nvaders are el1m1nated and replaced by new .. o

1nvad1ngw§pec1es, though th1s s m1nor in the Arct1c (Bl1ss 1962a)

“ﬂg Ra1s%d beaches 1n association w1th the adJacent meadows
'd1splay d1st1nct success1onal stages along thevalt1tud1nal gradient. ‘ ‘ v
Some crests represent the first stage, the beg1nn1ng of the h1gh

N
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‘arctic pr{mary'succession. Only\very Timited numbers of species-can
get estab]ished here. The only unnecessary preconditioning of the

habitat is done by lichens. PTant cover and standing cfab increase i ) A
on slopes but it is the Transifion Zone where the community is ready
for a change in species comnos1tion. New species such .as Carex s
rupestrvs, C. misandra and Cassiope tetragona enter the community,

while C. nardina estab11shed on crests and slopes'is m1ssing completely

Also the proport1on of individual species in a community changES. but

| topography would be of no h1ndrance fér the estbb11shment of a
substant1a1 vegetat1on over. the ent1re Towland in a short time ‘Here,

:however, this process is.very s]ow In the- Tast 8000 years on]y some

crests of the ofdest beaches have reached the stage- of denser p1ant e \

éover This indicates the rate of the succession if left to its

/ -
e

 natural pace. "f“ ' N < . .,; - | .
' The quest1on reﬁa1ns whether the process of succe551on was

cont1nuous from t1me @ﬁ'deg]ac1at1on (or emergence of the ra1sed i A ::n;d”:
beach from the- sea) or whether there were c11mat1c pervods in tne Y S |
past wh1ch wou1d°s]ow down or stop comp]ete]y the process | '
: Sma]] scale climatic changes such as the Hyps1therma1 period '

: (4000&6060 years BC), Little Chimatic-Optimum (LCO) in 9-12 Century

LAD and espe1ca11y in the L1tt1e o Age (LIA) 1550 1900 AD (Bray .

~]97]) resulied in marked sh1fts of major vegetat10na1 zones (e.g. “f_ o P
tree 11ne) on an a]t1tud1na1 and 1at1tud1na1 scale qupubtedly

f
these f]uctuat1ons in cl1mate, ma1n1y the LIA affected the ex1st4ng

o ) . . N : . . . ‘ ’ y
- o . . : . . . . . .
Y .ox . T i : . o ,@ . v
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vegetation in the High Arctttc and. I be]teve that‘also:of the™ya
- beaches. A]thoughfwe do not have much concrete evidence I as f'_ 5

even slight c11mat1c alteration wou]d result %n a dramatic, often "yes
" or no" response from many vascular spec1es growing 1n habitats on the

fr1nge of sugﬁ‘va1 This would apply to Polar Desert P]ateaus even

more. In th gruelove River valley much thicker remnants of willow .
B )

stems have

.

Plateau, larger areas exist with fully developed stands of cushion

plants, all pf:them dead at présent. ~Unfavorable alteration in "*'f

‘climate most probably kil]ed{them. During LIA not only present ice’

\

A0,

;&caps expanded‘(hh]man~1953) but very.like1y some areas were ‘temporarily

i covered by thin ice crusts wh1ch could kill the vegetation and A
re]eased it undlsturbed but dead after they m;#ted (Brad]ey 1973)
A1l this suggests that hfgh arctic ecosystems are youthfu] =

and immature not on]%ﬁbecause of the relative short time from : Tt *

deg]ac1at10n (ca 8500 years), 185K of so1], etc. (Dunbar 1972

Bl1ss et aZ . 1973) but also because of their possible and probab]e . /f"fﬁ\\\‘v

>

}aﬁretardat1 d retrogressnon dur1ng the 1ess favorable c11mat1c

11es as - the recent Little Ice Age On the~contrary to the ~

wl\

ibubarct1c and 1ow arct1c reg1Qns wQere c11mate a]teratloh caused a

regl shift in vegetat1ona1 comp]exes, in the H1gh Arctic these changg;,

“found than occur today on ljving p]ants. On the QO

‘occured merely on the. quant1tat1ve Basis (1n terms of standing croe,, -

P g

type of vegetation)f& In' th1s threshhod s1tuatugh, an unfavorab]e

v "Q >

climatic period m?Bht br1ng the retrogression to the very beg1nn1ng

s;ze of individuals, reproduct1on potent1a1 etc’i wsthin a present

Not much is known. about the surv1va1 potential of high.argtic

>
vascu]ar spec1es Frequency and dlstr1but1on of 1mportant refhgfa Igb_

NV

)
(A



'Qlay‘an@important role. -This flora is, however, high]y -'indi.cative’o,f

(Y
PR SRR .

© the microenvironment Because in vast areas these p]ants grow far '
f- ‘  below ﬁhe1r optimum requirements 1t is understandable that their
;i. * growth m1ght 25 significantly stimulated if temperature and m01sturei
are art1f1oially increased (as follows from the results of my
4unpub11shed "g:eenhouse" study w1th the po]xethylene sheets laid over
the beach ridge commun1ty), or if 11m1t1ng nutr1ents are directly
suppljéd (see Fig. 40, 41 and Babb and Bliss 1974).-- In both cases

the

pg-‘imentation rlesulted in a marked increase in production and
pland growthi. ' |
The ov\wa]] eco]og1ca1 s1gn1f1cance of raised beaches to the
Lowland S ecos,ystem becomes ev1d.ent when the Truelove Low]and is ?
/ compared w1th some other 1ow'lands and‘*co'dsta] valleys’with no ra1£

beach steps but with- Yéng and -smooth slopes" These 1ow1ands th:“'

a]so protected by chf‘ﬁ?s have no rea“l.,meadows and on]y very spargf

vegetatwn The Snﬁ?‘tance of topography as a prgtefting and N
support'ing factoi‘ Eff’the vegetatwn in the High Arctic 1s obvious, »

» . m .

L %gciaj“ly as trﬂ’&r d water QZEment, as was emphas1zed by !
- &) . '3“&‘: 'L“M» . o
Besche1 ‘(1970) ,‘ NI 1 has very’ depauperate vegetatlon ﬂ,,ﬁ:-:,_

w1th few real maedows,' on 'y where there is 103%1 water from mel t1ng
Snow.- Th1s resu’lts most]y from a 11mestone substrate wh1ch weathersi

s'low]y in a water defkgenWwonmenﬁ K1ng Christian, Ellefu

3

Rignes and to a 1eifer extent Melvﬂ]e Islands have wide’and smooth

v ¢ 'A

7 ‘caastal zones wh1ch are predommant]w covered by Luzula-AZope?urus

i steppe,s, poor on specres and Tow 1n stand1ng crop as weH as’ . N
product1on (Bljiss ,and Svoboda 1974) - On the other hand Devon Is]and

low’lands~~(True10ve, Sparbo- Hardy, Skogn Low]ands) wh1ch are, weH
, » .S

-
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- . .

protected by cliffs;' wh1ch are deepr enc]osed in deglaciated ‘

fiords and inland uv el He1berg, lesmere Island) are lush f_~ -
v N . o

‘and numerous in species ke 'Hazen are

“and %fpeciaifquoshefm -

‘e

Peninsula). |
With respect to the lowland ecolog , raised beaches play

an important role in partitioning the ow]and»area into many smaller

units. This,resuits 1nlsloﬁing down water run-off, leaching away of

nutrients and'creating additional niches for plants and animals,

especially 1emm1ng

The h1gh arctic 1ow1ands are ana]ogous to greep oases Od?the
9

.}|

other hand the vast Polar Deserts of the upland wi Jttered P

discontinuous vegetat1on and almost non-ex1st1ng higher trophic Tevels

can hardlywbe c]assifiedvas”fully functionaldsystems V'Polar“DesertS". . ;

as vegetat1ona1 zones represent rather a mosa1c of d1scont1duous ' ' _.§g;

v + [

. m1croecosystems rang1ng from sma11 depressions with 5119ht1y mores, " \*
S

concentrated vegeigtion to §1ng]e bird perches and.1solated plant

> .
'cush1ons as was demonstrated w1thGDryas 1ntegPLbeLa A/h1gh perma— . 'L\’
"~ frost tab]e,'pooﬁ&x,deveﬂoped 50115 fréquent and gust1ng W1nds, sand A

abras1on and\so1] eros1on, mo1sture and drought stress are at work LT
rm I LRI W )
‘. Lo . "

. ope .
_'most 8f. the. time. Moreover at these Tatitudes, a]pnne a]t%tud1na1 .

cond1t1ons decrease to e]evat1ons gf lLfew hundred meters above sea

1eve1 so that most of tge up]and reg1ons are arctic and agplne at

the same time! . t T /

Po]ar Sem1 deserts and Deserts represent the co]d dry and

putr1ent poor marglns of terrestr1a1 ecosystgpm°ﬂ Howevef’ dles f

at the marg1ns 1ead to a better\understand1ng\of the COre of: th1ngs.'7 T p,d

e "'.'
el Ve -

U1t1mate1y a]so thws study brought about a fu;\er 1aok into, fhe T

g
-t A ; . s
YL ‘ . R
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specific as well as general biological and ecological reality,

“*

 deeper'than what follows strictly from results pre?ented in this work.
1 believe that in-this sense Polar Lands.and deseftéta&$a11 haVé‘had :
their'substantigtfon and jUstffitétion‘iohg beforé scienCé'andu |
beyond science. Their very true meaning is jﬁ stimulation "to’ﬁeek

' answers {6 questions which caﬂnot be reachedtih any other way" (Thomas -

.;@grtpn). 3

R} i
.o . }
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% Desert so1ls and L1thoso]s occug with very active frost phenomena

.A\‘ ¢

' Ra1sed beaches exper1ence higher fluctuat1ons 1n temperature and

' D tntegrzfolw, S opposwtfolta, . m-sandm, Casewpe tetragona,

-3 ' ) ‘ .f,‘, h . ‘\

. 7 stmary.,

“

Polar Semi-desert and. partially -also Polar,Desert vascular
plant communities were studied on raised peaches of the Truelove

Low]and and on the adaacent“plateau on Devon Is]and N N T for

J ‘.

~ three groW1ng ‘seasons. In the Lowland ra1sed beaches form an isostatfc

e 1

up11ft wh1ch has fo]]owed the last deglac1at1on of th1s area ca. 8700
yearsuBP Ra1sed beaches are s1m1]ar in shape and structure, '
re]at1ve1y we]l dra1ned w;th a maximum depth of active layer ca. 166
cm. They contain weakly deve]oped Cry1c,, Regosollc,,Brun1so]1c~and
G]eysol1c so1ls They are ]ow,ma1n1y‘1n N,?P 'organic matter, j]t

4
and clay, high-in Ca and base saturatlon, On -the P]ateau Po]ar

-

ot

Eai - - [

mo1sture than lowland meadows but leSS than. the surroundtn p]ateau. :
% Three physical and ec%dog1ca] zones, th Crest, s]opﬁ and ;
traﬁsitlon have«been recognJZed on a r1ased b§§th with sdec1es r;’
d1vers1ty .p{ant cover and- stand1ng crop_¢gpt1nua1ly decréas1ng up
s]ope Crests and s]opes are dom1nated by a "¢u§h1on p]ant 11chen
'c.omnum ty" with: Dryas tntegmfolw, Samfraga opposcttfolza, Ca%:c 1
nardtna and Salzm ai;ttca and 5 7 other, gnfrequent spec1es. 4ﬁhe ' :

bad @ M L

trans1t1on‘zone is occup1ed by a "cusa1on p?aht-moss commun1ty" w1t;/ 4
cone

.‘d

S arcttca and a few add1t1ona1 spec1es The total vascu]ar plant, ;

}"’k\ .

A pos1t1ve correlatxpn was fdhnd between cover, stand1ng crop ,and ﬁfi

;L age and élevatiow’of raJsed bedcheg‘“‘ﬂn the plateau vascular plant R
CQYEr 1s {Sss than 2% 1n*mdst areas jvlfttw;'iijixlra;’w : .__‘,Vl!; _#ﬁat_'
, . - i‘ ‘:-;'.v; ],79 a A 7 5:\ . ‘:
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The phenological pattern is correlated with\i:e\nattern of

snowmelt and starts ca. ‘14 days earlier on the crest\than in the
“transition. Saxe/’aga is the earliest to flower, Carex the 1ates£
Differences 1in f]ower1ng intensity exist between crest and transition
plants. Some species produce leaves nh1ch function more than.one
season (D. integrifolia, S‘.oppaaitifolia, C; tetragona, C. nardina).
The growth chamber exneriment verified that S. oppvsitifolia breaks:
winter dormancy immediately after snowmelt, at plant temperatures
slightly below the freezing poipt, while Dryas needs ca. 3°C to show
first indications of physio]og’ca]\activ?ty:

On the Intensive Raised Beach §i£e, total vascu]er piant
standing crop comprises 350 to 400 g . m'z (with the. below ground
fibric organic matter 700 to 800 g‘?*m:z). Most of the total standinn
crop is preeent on slopes, most of the live Standing_crop is present
in the Transition Zone. Standind dead accounts for ca. 70% of the
aboveground standing crop, green photosynthetic parts of shoots for
3-4% and roots for 15-20%. Dryas in¢egr£ﬁol£a contributes 47% on
crests and 77%1on slopes to the community standing crop. On the
plateau the total vasculer standing crop ranges from O to 70fg¢. m’2.

Net production of tne IRB averaged 21.8 g .4&‘2 in three‘yearSJﬂitn
slight variations between years. Seasonal productivity based on a

50 day growing season was 0.43 g . m'2 . day']). On‘the Plateau net

' production was ca. 2-4.5 g . m .

Although a seasonal peak in chlorophyll Qontent exists, no
direct correlation between chlorophyll content and production was.
observed. Community 1eaf area index was only ca.0.1. Carbohydrate’

values were very low in wood} Dryasband semi-woody S. oppositifolia



(1-2%), increased to 6-7% in C. nardina and reached 30% in roots of
soft herbs such as Pedicularis lanata. Most of the soluble sugars are

stored in a form of oligosaccharides. . Lipids in crest piants were

higher (3-6%) than in plants growiﬁg in the transition zone (2.5-7.5%).

Ash free caloric values were 5259 in D. integrifolia, 4840 in

- s. oppositifolia and 4731 cal .kg'] in ¢. nardina. The highest value
was obtained from roots of S. oppositifolia (6000 cal . g']). Special
attention was devotecd to the ecology of b. integrifblia. In the
cushion, :ix .:fferent straté of old leaves weré analyzed for

carbohydrate, ach, and caloric content in order to estimate their

decomposition rates, and on the cushion surface, leaf angle orientation

was meéspred. The Dryas cushion was found to be well adapted to

resist extremes in the microclimate, to recover nutrients released by

decomposi{}on of its own decaying parts, and therefore, the cushion can

-+

be considered as an efficient, semi-closed, microecosystem.

181
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